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ABSTRACT 


A comprehensive  assessment  is  made  of  the  regional  applicability  and 
potential  of  salt-gradient  solar  ponds  in  the  United  States.  The  assessment 
is  focused  on  the  general  characteristics  of  twelve  defined  geograhic  regions, 
while  neglecting  site-specific  details , and  includes:  a survey  of  natural 
resources  essential  to  solar  ponds;  an  examination  of  meteorological  and 
hydrogeological  conditions  affecting  pond  performance;  the  identification  of 
potentially  favorable  pond  sites;  calculation  of  regional  thermal  and  elec- 
trical energy  outpjt  from  solar  ponds;  a study  of  selected  pond  design  cases; 
an  evaluation  of  five  major  potential  market  sectors  in  terms  of  technical  and 
energy-consumption  characteristics,  and  solar-pond  applicability  and  poten- 
tial; a detailed  economic  analysis  considering  relevant  pond  system  data  and 
financial  factors;  and  a comparison  of  solar-pond  energy  costs  with  conven- 
tional energy  costs. 

The  assessment  concludes  that,  excepting  Alaska,  ponds  are  applicable 
in  all  regions  for  at  least  two  market  sectors.  Compared  with  conventional 
energies,  solar  ponds  will  generally  be  able  to  attain  near-term  economic 
viability  in  several  southern,  high-insolation  regions.  Total  solar  pond 
energy  supply  potential  in  the  five  market  sectors  examined  is  estimated  to  be 
8.94  quads/yr  by  the  year  2000,  approximately  7.2%  of  the  projected  total 
national  energy  demand. 
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SECTION  1 


INTRODUCTION 


1.1  BACKGROUND 

The  salt-gradient  solar  pond  phenomenon  was  first  reported  by  von 
Kalecsinsky  (1902)  in  connection  with  the  Medva  Lagoon  in  Transylvania.  It 
was  suggested  by  von  Kalecsinsky,  and  later  by  R.  Block  in  1948,  that  artifi- 
cial pom « he  established  aftex  the  natural  salt-gradient  lakes  to  harness 
solar  energy  for  practical  utilisation.  However,  development  of  salt-gradient 
solar  ponds  did  not  take  place  until  the  last  two  decades  when  the  pressure  of 
escalating  conventional  fuel  coses  began  to  be  felt.  The  mid-late  1970s  saw 
several  experimental  pond  programs  of  modest  scale  launched  in  the  United 
States,  and  some  demonstration  pond  facilities  operated  in  Israel.  Much 
knowledge  of  solar  pond  behavior,  and  experience  related  to  its  operation  and 
maintenance  have  been  acquired  through  these  efforts.  The  demonstration  of 
swimming  pool  heating  by  the  Miamisburg  pond,  and  particularly  of  electric 
power  generation  by  the  Ein  Bokek  pond  since  late  1979,  have  called  increasing 
attention  to  the  viability  of  solar  ponds  as  producers  of  renewable  thermal 
and  electrical  energy. 

Solar  pond  development  activities  have  since  been  accelerated, 
both  in  Israel  and  the  United  States,  as  well  as  in  other  parts  of  the  world. 
Notably,  Israel  has  recently  started  the  construction  of  its  first  5-MWe  solar 
pond  power  plant  at  the  northern  end  of  the  Dead  Sea.  This  plant  is  scheduled 
to  come  on  line  in  two  years  and  will  be  followed  by  several  larger  units. 
Israel  hopes  to  convert  the  Dead  Sea  into  solar  ponds  that  will  have  2000-  to 
3000-MWe  generating  capacity  by  the  end  of  this  century.  In  late  1979,  the 
United  States  initiated  the  Salton  Sea  expertaent,  with  the  purpose  of  con- 
structing its  first  5-MWe  solar  pond  power  plant  in  the  Imperial  Valley  of 
Southern  California.  The  first  phase  of  the  activity,  feasibility  study,  has 
been  successfully  completed,  and  the  engineering  design  is  now  in  progress. 

It  is  noteworthy  that,  as  a reflection  of  interest  from  diverse  sectors,  the 
project  is  co-funded  by  the  U.S.  Department  of  Energy,  the  California  Energy 
Commission,  and  the  Southern  California  Edison  Company,  and  is  managed  by  the 
Jet  Propulsion  Laboratory.  Several  other  experiments  have  also  been  undertaken 
elsewhere  in  the  United  States.  They  include  the  TVA  pond  in  Tennessee,  the 
Truscott  Brine  Lake  in  Texas,  the  Gray  Mountain  pond  in  Arisona,  etc. 

As  interest  in  solar  ponds  grows  and  development  activities  expand, 
it  was  recognised  that  a systematic  study  of  solar  pond  resources,  applica- 
bility and  potential  in  the  United  states  was  in  order.  The  study  must  be 
aimed  to  provide  data  and  analyses  needed  for  a sound  planning  of  near-  and 
long-term  development  activities  and,  eventually,  commercialisation  of  solar 
ponds.  In  August  1980,  the  Jet  Propulsion  Laboratory  was  contracted  by  the 
Department  of  Energy  to  conduct  this  study.  The  findings  of  the  study  are 
presented  in  this  report. 


1.2 


OBJECTIVES,  SCOPE  AND  DEFINITIONS 


The  overall  goal  of  the  study  is  to  determine  the  applicability  of 
salt-gradient  solar  ponds  in  various  market  sectors  and  geographic  regions,  and 
to  assess  the  potential  of  solar  ponds  to  contribute  to  the  total  national 
energy  requirement.  It  is  expected  that  the  facts  and  analyses  resulting  from 
the  study  will  provide  useful  input  to  the  national  planning  of  further  devel- 
opment and  commercialisation  of  solar  ponds. 


1.2.1  Objectives 

The  specific  objectives  of  this  study  are  tot 

(1)  Evaluate  natural  resources  in  the  United  States  that  are 
essential  to  solar  ponds  (insolation,  land,  water  and  salts). 
While  considering  the  various  physical  conditions  affecting 
solar  pond  performance,  identify  general  areas  or  specific 
sites  that  are  suitable  for  developing  solar  ponds. 

(2)  Examine  the  regional  characteristics  of  solar  pond  perfor- 
mance, and  conduct  representative  and  comparative  case 
studies  to  determine  important  design  parameters  of  solar 
ponds  and  the  associated  energy  distribution  systems.  This 
will  provide  useful  reference  cases  for  future  solar  pond 
design  and  development,  as  well  as  supply  concrete  data  for 
the  economic  assessment  which  is  an  integral  part  of  this 
study. 

(3)  Survey  potential  market  sectors  in  which  solar  ponds  can  be 
employed  to  supply  thermal  or  electrical  energy.  Determine 
the  amount  and  pattern  of  energy  consumption  in  these  market 
sectors,  and  assess  how  and  to  what  extent  solar  ponds  can 
contribute  to  each  sector's  energy  requirement. 

(4)  Perform  economic  analysis  to  determine  costs  of  delivered 
energy  from  solar  ponds,  taking  into  account  all  relevant 
financial  factors.  Also  determine  conventional  energy  costs 
and  compare  the  costs  of  energy  from  solar  ponds  with  those 
from  conventional  fuels,  considering  regional  variability. 

(5)  Determine  solar  pond  applicability  in  the  various  market 
sectors  on  a regional  basis.  Develop  estimates  for  energy 
supply  potential  of  solar  ponds  by  regions  and  by  market 
sectors. 

(6)  Document  results  of  the  study  and  provide  the  sponsors  and 
potential  users  with  realistic  assessments  of  solar  pond 
applicability  and  potential,  and  with  recomendations  con- 
cerning future  development  and  commercialization  of  solar 
ponds. 
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1.2.2 


Scope 


The  study  encompasses  the  entire  United  States  (which  is  divided 
into  12  geographic  regions,  as  described  in  Section  3.1).  It  addresses  five 
major  potential  market  sectors,  and  a large  number  of  technical  and  economic 
factors.  Those  factors  which  generally  vary  with  time  and  location,  e.g., 
environmental,  social,  political,  and  institutional  factors  are  not  considered 
in  any  detail.  The  five  major  potential  market  sectors  are  the  residential, 
commercial  and  institutional  buildings  sector,  the  industrial  process  heat 
sector,  the  agricultural  process  heat  sector,  the  electric  power  sector  and  the 
desalination  sector.  The  technical  factors  considered  include  the  four  essen- 
tial natural  resources  (i.e.,  insolation,  land,  water  and  salts);  climatic, 
geological  and  hydrological  conditions;  design  parameters  (i.e.,  the  solar 
pond,  power  conversion,  and  energy  distribution  subsystems);  construction 
aspects;  performance;  and  operation  and  maintenance  aspects.  The  economic 
factors  considered  include  solar  pond  life-cycle  costs,  and  conventional 
energy  costs.  In  calculating  solar  pond  life-cycle  costs,  several  important 
financial  elements  are  taken  into  account:  application-specific  discount 

rates,  accelerated  depreciation  method,  tax  rates,  inflation  rate,  investment 
credits,  escalation  rates  for  capital,  O&M  and  fuel  costs,  etc. 

The  key  factors  mentioned  above  affect  the  applicability  and 
potential  of  solar  ponds  in  different  ways  depending  on  the  region  and  market 
sector  considered.  For  example,  insolation  level  may  render  electric  power 
generation  viable  only  in  certain  regions.  Climatic  conditions  may  be  such 
that,  although  building  space  heating  is  required  in  most  regions,  pond  output 
may  not  be  adequate  to  effect  economic  viability  in  all.  Also,  within  a given 
region,  solar  ponds  may  be  well  suited  and  widely  employed  for  a particular 
market  sector,  but  not  the  others.  The  interrelations  among  the  key  factors, 
the  geographic  regions  and  the  market  sectors  are  complex.  Figure  1-1 
sunmarizes  and  indicates  the  interrelationship  among  the  various  elements 
addressed  in  this  study. 


1.2.3  Definitions 

The  following  terminologies  are  used  in  this  report  repeatedly  and 
have  specific  meanings. 

Salt : A chemical  substance  which  can  be  dissolved  in  water  to  produce  a 

density  gradient.  It  is  not  limited  to  sodium  chloride  or  magnesium  chloride 
although  these  are  common  examples.  "Salts"  are  employed  to  indicate  a combi- 
nation of  such  substances. 

Brine:  The  solution  obtained  by  dissolving  salts  in  water.  The  term  applies 

to  both  artificial  and  natural  solutions  such  as  ocean  water. 

Salt-gradient  solar  pond:  A body  of  water  which  is  hydrodynamically  stabilized 

by  a density  gradient  constructed  with  dissolved  salt(s)  and  which  is  utilized 
to  collect  and  store  solar  energy. 

Solar  Pond:  Or  sometimes  simply  "pond."  Used  synonymously  with  "salt-gradient 

solar  pond,"  unless  otherwise  noted.  Other  types  of  solar  ponds,  e.g.,  shallow 
solar  pond,  saturated  pond,  gel  pond,  etc,,  are  not  discussed  in  this  report. 
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Thermal  and  electrical  energy:  Thermal  energy  refers  to  energy  delivered  from 

a pond  in  the  form  of  heat,  normally  in  the  temperature  range  of  86  to  212°f. 
Electrical  energy  is  generated  from  thermal  energy  by  a power  conversion  sub- 
system such  as  an  organic  Rankine  cycle  unit. 

Solar  Pond  System:  The  total  solar  pond  system  is  composed  of  the  pond  sub- 

system (the  pond,  brine,  liner,  wave-suppressing  network,  brine  circulation 
and  surface  flushing  devices,  gradient  monitoring  and  control  instruments, 
evaporation  pond,  brine  storage  pond,  water  treatment  equipment,  and  related 
accessories);  the  energy  distribution  subsystem  (the  heat  exchangers,  piping, 
transmission  lines,  and  related  accessories);  and/or  the  power  conversion 
subsystem  (evaporators,  condensers,  turbines,  generators,  preheaters,  and 
related  accessories).  For  thermal  applications,  the  solar  pond  system 
consists  only  of  the  pond  and  energy  distribution  subsystems;  whereas  for 
electricity  production,  the  solar  pond  system  includes  also  the  power 
conversion  subsystem.  In  the  latter  case,  the  system  is  often  referred  to  as 
a solar  pond  power  plant. 

End  User:  An  end  user  receives  thermal  or  electrical  energy  from  a solar  pond 

system.  An  end  user  can  be  a building,  a factory,  a farm,  a utility  power 
grid,  etc. 


1.3  ASSUMPTIONS,  METHODOLOGY  AND  LIMITATION 

Owing  to  the  broad  scope  of  the  study,  site-specific  considerations 
are  not  possible.  Almost  all  computations,  discussions  and  assessments  are 
conducted  on  the  regional  level.  A regional-level  treatment  of  the  subject 
matters  is  justified,  however,  as  explained  in  Section  3.1.  Efforts  have  been 
made  to  collect  up-to-date  information  on  which  many  discussions  and  evalua- 
tions are  based.  However,  up-to-date  information  is  not  always  available,  in 
which  case  older  information  sources  are  relied  upon  as  necessary. 


1.3.1  Assumptions 

Numerous  assumptions  are  made  in  the  study.  Where  they  occur, 
they  are  stated  as  explicitly  as  possible,  and  justifications/implications,  if 
any,  are  discussed.  It  is  important  that  readers  of  this  report  are  aware  of, 
and  view  the  results  in  light  of,  these  assumptions.  Although  detailed 
assumptions  are  described  in  the  text  of  the  report  in  the  appropriate  places, 
the  important  ones  are  summarized  below. 

(1)  The  study  is  conducted  on  the  regional  level.  Site-specific 
considerations  are  beyond  the  scope  of  this  study. 

(2)  Assessments  of  solar  pond  applicability  and  potential  are 
made  for  the  various  regions  and  market  sectors  with 
attention  focused  on  the  technical  and  economic  factors. 
Environmental,  social,  political,  institutional,  and  other 
factors,  being  site  specific  in  most  cases  and  often  time 
dependent  as  well,  are  not  addressed. 


1-5 


(3)  Projections  and  extrapolations,  wherever  appropriate,  are 
made  on  the  basis  of  "best"  information  obtainable  at  the 
time  of  the  study.  It  is  possible  that  more  current  or 
comprehensive  data  sources  exist  but  are  not  readily 
accessible  or  not  known  to  the  investigators,  and  conse- 
quently  not  utilized  in  the  study.  In  such  cases,  the 
related  results  may  have  to  be  modified  accordingly. 

(4)  In  the  regional  assessments  and  comparisons,  some  representa- 
tive cases  are  selected  for  study  which  are  associated  with 
specific  cities  or  locations.  Solar  pond  performance  and 
economic  characteristic  of  these  selected  cities  or  . 
locations  are  assumed  to  be  representative  of  the  entire 
region  to  which  they  belong.  Variation  of  key  parameters 
(such  as  land  availability  and  cost,  solar  pond  energy 
output,  and  conventional  energy  cost)  within  a given  region 
is  recognized,  and  must  be  considered  in  any  future  site- 
specific  study. 

(5)  Estimating  solar  pond  market  potential  in  the  residential, 
cotmnercial  and  institutional  building  sector  is  confined  to 
space  heating/cooling  and  domestic  water  heating  applica- 
tions. In  the  industrial  process  heat  sector,  only  the 
manufacturing  processes  are  considered.  In  the  agricultural 
process  heat  sector,  the  estimate  includes  applications  such 
as  crop  drying,  irrigation,  livestock  care,  and  farm  house 
and  greenhouse  heating.  In  the  desalination  sector,  all  the 
major  processes  (i.e.,  distillation,  reverse  osmosis  and 
electrodialysis)  are  considered.  In  the  electric  power 
sector,  attention  is  focused  on  the  potentially  limiting 
factors  such  as  water  and  salts. 


1.3.2  Methodology 

After  detailed  tasks  were  specified  in  the  work  statement,  the 
first  sten  was  to  collect  pertinent  information  and  data  and  analyze  them.  As 
part  of  >:his  step,  insolation  mapping  was  found  necessary,  as  the  existing 
maps  were  outdated  and  known  to  be  based  on  sketchy  or  inadequate  insolation 
measurements.  Best  available  data  and  analysis  techniques  were  utilized  to 
obtain  a new  set  of  isoinsolation  contours  on  which  the  region  definition  is 
based.  Other  pertinent  data  collected  include  existing  information  on  salts/ 
brine,  water,  ambient  temperature,  evaporation,  precipitation,  topography, 
soils,  ground  water,  wind,  seismic  and  hurricane  activities,  relative 
humidity,  etc. 

Analysis  of  these  data  preceded  the  definition  of  geographic 
regions.  As  explained  in  Section  3.1,  several  practical  criteria  were  con- 
sidered to  arrive  at  the  12  defined  regions. 

Concurrently,  a JPL  solar  pond  performance  model  was  under  devel- 
opment for  the  Salton  Sea  project.  Several  modifications  were  implemented  into 
the  computer  code  for  computing  regional  energy  outputs.  Also,  the  Energy 
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Systems  Economic  Analysis  (ESEA)  model,  which  was  developed  over  the  years  at 
JPL  for  the  various  solar  thermal  power  projects,  was  adapted  for  solar  pond 
economic  assessments. 

A salts  resources  survey  was  then  conducted,  with  the  specific 
purpose  of  identifying  locations  where  salts  or  brine  is  readily  available  or 
can  be  easily  mined.  The  availability  of  salts  or  brine  is  a major  determining 
factor  for  constructing  solar  ponds,  especially  the  large-scale  electricity 
producing  facilities.  Where  practicable,  a survey  was  made  of  the  availability 
of  clay  and  fresh  water,  as  these  are  also  requisite  source  materials.  The 
identification  of  especially  attractive  sites  for  solar  pond  implementation 
was  an  important  product  of  this  exercise,  and  a large  amount  of  information 
results  from  a literature  survey  and  communications  with  state  geologists. 

A nation-wide  survey  of  land  availability  and  cost  was  also 
conducted.  Land  issues  are  more  involved,  as  has  been  found  out  by  previous 
investigation  in  connection  with  other  solar  technologies,  so  attention  was 
confined  to  the  residential,  commercial  and  institutional  buildings  market 
sector.  The  rationale  is  that  in  this  market  sector,  land  is  more  likely  a 
limiting  factor  than  in  others.  This  is  also  true,  but  to  a lesser  extent, 
for  the  industrial  sector.  Land  is  generally  regarded  as  being  amply 
available  in  the  agricultural,  electrical  and  desalination  sectors,  as  solar 
ponds  will  be  located  within  the  large  acreage  of  farm  lands,  or  areas  remote 
from  population  centers.  This  survey  was  conducted  by  a subcontractor,  the 
Benham  Group  of  Oklahoma  City,  using  statistical  and  survey  techniques 
appropriate  to  the  task. 

A number  of  design  cases  were  specified  for  detailed  studies.  Ten 
cases  are  concerned  with  space  and  domestic  water  heating  of  apartment  com- 
plexes in  the  various  regions,  and  the  other  cases  deal  with  agricultural, 
industrial  and  electrical  applications.  The  purpose  of  the  case  studies  is  to 
provide  a basis  for  regional  comparisons,  a set  of  reference  cases  for  future 
site-specific  designs,  and  to  develop  cost  estimates  for  use  in  the  economic 
analysis.  Ormat  Turbines,  Ltd.,  of  Icrael  was  selected  to  be  the  subcon- 
tractor to  perform  this  task.  Ormat  used  its  in-house  pond  performance  model 
and  energy  conversion  system  design  techniques  to  carry  out  the  pond  subsystem 
designs.  A study  of  the  energy  distribution  subsystems  was  also  performed  at 
JPL  for  several  selected  applications.  Here  representative  designs  were  given 
for  integrating  the  solar  ponds  and  the  end  uses  into  complete  systems. 

The  JPL  solar  pond  performance  model  was  used  to  calculate  pond 
energy  output  in  each  of  the  12  defined  regions.  A city  was  chosen  to 
represent  each  region  in  the  calculation,  with  the  computed  energy  o-itput  to 
be  interpreted  as  average  yield.  Regional  energy  outputs  are  important  factors 
in  determining  the  cost  of  energy  delivered  from  solar  ponds. 

A significant  amount  of  effort  was  devoted  to  the  survey  of  poten- 
tial market  sectors.  As  the  solar  pond  technology  moves  toward  the  commer- 
cialization stage,  an  understanding  of  potential  markets  will  be  desirable. 
Surveys  of  individual  markets  were  conducted  to  determine  market-specific 
characteristics,  ways  in  which  solar  ponds  can  be  applied  in  each  sector,  each 
sector's  current  energy  requirements,  and  the  extent  to  which  solar  ponds  can 
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contribute  to  those  energy  requirements.  Each  market  survey  was  conducted 
separately,  and  the  needed  information  was  derived  from  the  published 
literature  or  private  communications. 

Economic  analysis  is  an  important  element  of  the  comparative 
regional  study.  The  adapted  ESEA  model  was  used  as  the  analysis  tool.  Input 
to  the  model  included  engineering-related  items,  such  as  system  lifetime,  costs 
and  some  details  of  construction,  operation  and  maintenance,  and  regional 
energy  outputs.  It  also  included  a variety  of  financial  factors,  such  as  dis- 
count rates,  escalation  rates,  accelerated  depreciation,  income  tax  rate, 
investment  tax  credit,  insurance  and  other  tax  rates.  Furthermore,  costs  of 
conventional  energy  (e.g.,  energies  derived  from  oil,  natural  gas,  coal,  etc.) 
were  surveyed.  By  comparing  the  costs  of  energy  obtained  from  solar  ponds 
with  those  from  conventional  fuels,  the  economic  viability  of  solar  ponds  for 
various  applications  in  various  regions  were  established.  To  assess  pond 
applicability  and  potential,  it  was  necessary  to  evaluate  the  requisite 
natural  resources  and  technical  factors  in  conjunction  with  a market  survey 
and  an  economic  analysis.  These  three  tasks  provided  data,  analyses, 
observations,  evaluations,  and  conclusions  upon  which  solar  pond  regional 
applicability  was  assessed  in  terms  of  technical  and  economic  feasibility. 
Potential  was  expressed  in  terms  of  estimated  acreage  of  constructed  ponds, 
and  estimated  energy  supply  in  quads  that  solar  ponds  can  contribute. 

Conclusions  were  then  drawn  and  recommendations  made  with  federal 
and  state  level  decision  makers  and  private  end  users  in  mind.  Among  other 
things,  regions  and  markets  of  high  potential  are  identified,  highly  attractive 
sites  are  pointed  out,  further  studies  needed  are  indicated,  and  approaches  or 
strategies  toward  further  development  and/or  commercialization  are  suggested. 

The  methodology  and  logical  sequence  of  task  execution  as  described 
above  are  sumnarized  in  Figure  1-2. 


1.3.3  Limitation 

The  validity  of  the  content  of  this  report  rests  on  the  general 
assumptions  stipulated  earlier  in  this  section  and  those  stated  later  where 
appropriate.  The  accuracy  of  the  quantitative  computations,  assessments, 
projections,  or  statements  depends  upon  that  of  the  data  or  information  used. 
The  conclusions  regarding  the  applicability  and  potential  of  solar  ponds  are 
drawn  from  regional  considerations  of  technical  and  economic  factors.  Environ 
mental,  social,  political,  institutional  and  other  site-specific  factors  were 
not  considered.  These  latter  considerations  must  be  included  in  the  determi- 
nation of  the  viability  of  any  individual  project. 


1.4  PREVIOUS  SOLAR  POND  APPLICABILITY  AND  POTENTIAL  EVALUATIONS 

Numerous  publications  in  the  solar  pond  literature  have,  in  varying 
degree,  addressed  the  question  of  applicability  and/ot  potential  of  solar  ponds 
in  the  United  States.  Most  were  cursory  treatments  and  many  dealt  only  with 
specific  applications.  Few  presented  a systematic  and  comprehensive  assess- 
ment, and  none  covered  the  entire  United  States.  The  reason  is  simple.  The 
need  did  not  previously  exist.  The  emerging  solar  pond  technology  has  only 
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Figure  1-2. 


Task  Flow  Diagram  tor  tl»e  Regional  Solar  Poiul 
Applicability  and  Potential  Stuoy 
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recently  has  advanced  to  where  larger  scale  development  and  commercialization 
could  be  considered. 

During  1974-1975,  just  when  the  first  solar  pond  projects  were 
getting  under  way  in  the  United  States,  several  studies  were  sponsored  by  AEC 
and  its  successor  ERDA  to  evaluate  the  status  and  prospects  of  solar  ponds. 
Three  reports  were  published  in  1975s  two  by  Pacific  Northwest  Laboratory 
(Styris,  Zaworski  and  Harling,  1975;  Drumheller  et  al,  1975)  and  one  by  Bechtel 
Corporation  (1975).  The  three  reports  agreed  in  noting  that  the  technical 
feasibility  of  salt-gradient  solar  ponds  were  not  yet  established,  and  that 
technical  unknowns  and  uncertainties  were  numerous  and  must  be  resolved  by 
conducting  Research  and  Development  (R&D)  work.  Areas  of  technical  concerns 
included  pond  lifetime,  heat  extraction,  energy  conversion,  brine  management, 
gradient  stability,  pond  operation  and  maintenance,  etc. 

However,  these  reports  disagreed  on  their  conclusions  regarding  the 
prospects  of  solar  ponds.  The  Styris,  Zaworski  and  Harling  report  recognized 
that  solar  ponds  were  the  least  costly  of  all  solar  collection  and  storage 
systems.  It  concluded  that  the  costs  of  electric  energy  from  solar  ponds  were 
close  to  those  of  fossil  fuel  generated  power  (for  an  area  with  average  insola- 
tion of  approximately  240  W/m^),  and  that  solar  ponds  were  economically  com- 
petitive with  oil  and  natural  gas  in  process  heat  applications,  such  as  crop 
drying,  paper  industry  processing,  etc.  (for  Richland,  Washington)*  In  con- 
trast, the  Drumheller  report  concluded  that  electric  power  production  from 
solar  ponds  was  not  cost  competitive  with  other  conventional  systems,  but  that 
thermal  applications  of  solar  ponds  can  be.  However,  the  Bechtel  report, 
addressing  exclusively  electric  power  generation  with  solar  ponds  in  the  south- 
western United  States,  concluded  that  electric  power  generation  by  sol  ; ponds 
was  at  least  an  order  of  magnitude  more  expensive  than  by  conventional  means, 
and  that  this  was  true  not  only  for  the  United  States  but  for  the  developing 
countries  as  well.  Another  article  (Rabl  and  Nielsen,  1975)  discussed  using 
solar  ponds  for  space  heating  in  several  different  locations  and  climates  and 
concluded  that  this  was  technically  and  economically  feasible  even  near  the 
arctic  circle,  if  reflectors  were  utilized  to  enhance  solar  collection. 

These  assessments  used  varying  technical  assumptions  and  cost  data, 
some  of  which  were  later  found  to  be  valid,  but  others  not.  They  represent 
views  of  the  pre-development  days.  Since  1975,  several  solar  ponds  have  been 
constructed  and  operated  in  the  United  States  and  Israel  and  many  of  the 
technical  unknowns  and  uncertainties  concerning  solar  ponds  that  existed  in 
1975  have  been  resolved  (Nielson,  1980;  Lin,  1982;  and  Tabor,  1981).  The 
demonstration  of  electricity  production  with  the  Yavne  and  Ein  Bokek  ponds  in 
Israel  has  been  widely  publicized  as  evidences  that  solar  ponds  do  work.  The 
outlook  of  solar  ponds  has  improved  substantially  since  1975  due  to  the 
knowledge  and  experience  gained  during  the  past  years.  This  is  reflected  in 
many  recent  publications. 

For  example,  Ochs  (1980)  discussed  solar  ponds  as  industrial 
process  heat  sources  and  estimated  that  they  can  contribute  up  to  2.4  quads 
if  both  direct  usage  and  preheating  are  considered.  Lin,  Sha  and  Soo  (1980) 
analyzed  the  technical  and  economical  feasibility  of  solar  ponds  in  largescale 
agricultural  applications,  lhey  determined  that  a 1-acre  pond  can  supply 
adequate  heat  to  meet  the  grain  drying  and  space  heating  requirements  of  a 
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500-acre  Illinois  farm,  and  that  Che  cost  of  heat  from  solar  ponds  was  only 
slighcly  higher  chan  Chat  from  LP  gas  which  is  commonly  used  on  farms. 

Bronicki  (1980)  reported  the  performance  of  the  150-kWe  pilot  solar  pond  power 
plant  at  Ein  Bokek  and  projected  the  energy  yield,  efficiencies  and  cost  of 
larger  plants.  He  estimated  the  cost  of  electricity  from  solar  ponds  to  be 
from  10  to  15c/kWh  for  peak  loading  systems  and  from  4 to  8$/kWh  for  base  and 
intermediate  loading  configurations  (in  1980  dollars).  Wittenberg  and  Harris 
(1980)  reported  the  use  of  the  Miamisburg  pond  in  heating  an  outdoor  swimming 
pool  and  estimated  heat  cost  at  $7.2/MBtu.‘ 

Recently,  Edesess  (1980a)  made  an  estimate  of  the  potential  of 
solar  ponds  for  displacing  conventional  energy  sources  in  the  United  States, 
based  on  current  national  energy  consumption,  and  assumptions  on  consumption 
growth,  market  penetration,  market  characteristics,  etc.  He  projected  that, 
by  the  year  2000,  solar  ponds  can  contribute  2.3  quads/yr  to  the  residential 
and  commercial  space  and  water  heating  market,  0.6  quad/yr  to  the  agricultural 
and  industrial  low  temperature  process  heat  market,  and  2 quads/yr  to  the 
electric  power  market.  This  represents  a total  of  4.9  quads/yr,  and  about  5% 
of  the  entire  national  consumption  in  the  year  2000.  Edesess  also  conducted  a 
simplified  economic  analysis  (1980b)  and  computed  the  cost  of  electricity  from 
solar  ponds  to  be  from  6.5  to  62c/kWh,  and  the  cost  of  heat  from  $0.8  to 
23.1/MBtu,  depending  on  pond  location,  capital  cost,  end-use  temperature,  etc. 
Compared  with  conventional  energy  sources,  he  concluded  that  solar  ponds  are 
(or  are  nearly)  competitive  for  thermal  applications,  and  can  be  competitive 
for  electric  power  production  if  low  pond  costs  can  be  obtained  at  favorable 
sites. 


Tabor  (1981)  discussed  in  his  recent  review  article  the  applica- 
tions of  solar  ponds  to  building  heating  and  cooling,  electric  power  genera- 
tion, desalination,  and  salt  production,  in  general  terms.  He  also  estimated 
busbar  power  costs  in  the  range  of  5.3  to  13.5c/kWh  under  favorable  insolation 
conditions,  and  indicated  a very  promising  outlook  for  solar  ponds.  Another 
recent  solar  j;ond  potential  evaluation  worthy  of  note  concerns  assessing  solar 
pond  potential  in  the  State  of  Utah,  including  the  Great  Salt  Lake  and  other 
potential  sites  (Riley  and  Batty,  1981).  Water  supply  is  identified  to  be  a 
future  limiting  factor  in  Utah,  and  the  total  energy  supply  potential  for  Utah 
was  estimated  to  be  3.24  quads/yr. 


1.5  STATUS  OF  SALT-GRADIENT  SOLAR  POND  TECHNOLOGY 

A brief  description  of  a salt-gradient  solar  pond  is  given  in 
Appendix  A.  Preceded  by  the  Israeli  studies  in  the  early  1960s,  research  and 
development  efforts  undertaken  during  the  last  seven  or  eight  years,  princi- 
pally in  the  United  States  and  Israel,  have  advanced  the  solar  pond  technology 
to  the  point  where  it  can  be  referred  to  as  a proven  technology.  Although 
questions  remain  to  be  answered,  much  has  been  learned.  Nielsen  (1980),  Lin 
(1982),  and  Tabor  (1981)  review  the  state  of  the  technology  in  detail,  and  cite 
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a large  number  of  publications  which  can  be  consulted  for  further  information. 
Only  a brief  overview  of  the  pond  technology  is  provided  in  what  follows. 

One  or  two  dozen  solar  ponds , all  under  two  acres  in  surface  area, 
have  been  constructed  and  operated  around  the  world  (mostly  in  the  United 
States  and  Israel).  Construction  of  small  ponds  (excavation,  diking,  lining, 
filling,  installing  piping  and  instrumentation,  etc.)  has  proven  to  be  straight- 
forward. Several  larger  ponds  are  either  under  construction  or  design,  including 
Israel's  5-MWe  plant  and  the  Salton  Sea  5-MWe  experimental  pond.  Inlake  diking 
and  high  salinity  brine  production  from  low-salinity  water  may  be  improved  by 
innovative  approaches,  but  can  be  accomplished  with  standard  techniques. 

Pond  storage  temperature  varies  from  a low  of  about  30°C  in  winter 
(Ohio)  to  a high  of  109°C  in  summer  (New  Mexico).  Boiling  can  be  achieved 
in  high-insolation  locations  and  can  be  avoided  by  scheduled  heat  extraction. 

Heat  extraction  both  by  in-pond  and  out-of-pond  heat  exchangers  have  been 
successfully  performed,  the  latter  means  being  preferred  from  experience. 

A variety  of  thermal  applications  have  been  successfully  demon- 
strated, including  pool  heating,  grain  drying,  process  water  heating,  space  and 
greenhouse  heating,  etc.  The  Yavne  and  Ein  Bokek  ponds  have  established  the 
feasibility  of  peaking  and  baseload  electric  power  generation.  Larger  scale 
applications  remain  to  be  demonstrated,  but  their  success  is  anticipated. 

Thermal  efficiency  on  the  order  of  10  to  20Z,  and  thermal-to-electrical 
conversion  efficiency  of  8 to  9X,  have  been  established. 

The  salt-gradient  zone  has  been  found  to  be  generally  stable.  No 
dramatic  failure  of  the  gradient  has  occured.  Convective  sublayers  of  a few 
centimeters  thick  have  been  observed  within  the  gradient  zone  and  simple 
methods  have  been  established  to  rapidly  correct  them.  Boiling  was  found  to 
cause  gradient  instability  and  large  amount  of  heat  losses,  but  it  did  not 
destroy  the  gradient  completely.  Divers  performing  maintenance/repair  did  not 
disturb  the  gradient  zone  in  any  noticeable  way.  Knowledge  is  being  gained  of 
the  mechanisms  and  physical  factors  that  control  gradient  boundary  migration 
and  its  thermal  and  hydrodynamic  behavior,  although  a complete  understanding 
has  not  been  achieved. 

Salt  diffusion  from  the  storage  to  the  surface  zone  can  be  coun- 
tered by  reinjecting  salts  or  heavy  brine  into  the  storage  zone  and  flushing 
the  surface  with  fresh  or  low-salinity  water.  This  has  become  a standard 
practice  for  every  operating  pond,  and  the  effort  involved  is  minimal. 

High  winds  have  not  produced  any  damage  to  the  ponds.  Wave- 
suppressing  networks  installed  on  pond  surfaces  have  been  effective  in  pre- 
serving the  pond* 8 integrity  even  during  gusts  in  excess  of  120  km/hr. 

No  record  exists  of  any  pond  damage  due  to  rain  or  hail  storms.  Two  or  three 
months'  snow  and  ice  coverage  on  the  pond  surface  oo  not  drastically  degrade  a 
pond's  performance.  P^nds  located  in  the  low-insolation  northern  states  are 
capable  of  sustaining  a storage  temperature  of  about  30°C  during  the  winter 
months.  Fallen  leaves,  dust  and  debris  can  be  easily  removed  from  the  pond  by 
surface  flushing  or  swimming  pool  type  cleaning  techniques.  Algae  growth  can 
be  prevented  by  applying  copper  sulphate  and  other  chemical  substances. 
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Reaction  between  hot  brine  and  pond  bottom  mud  in  an  unlined  pond 
con  potentially  lead  to  gaa  bubbling  or  riaing  sediment,  but  laboratory  experi- 
r ata  show  no  evidence  indirating  that  this  is  a cause  for  concern.  Turbidity 
and  coloration  can  reduce  solar  transmittance  into  the  storage  zone,  but  proper 
water  treatment  including  settling,  filtering  and  carbon  treatment  has  been 
found  to  be  effective  in  removing  the  suspended  particulates  and  organic 
matters  that  cause  these  problems.  Corrosion  has  damaged  the  heat  exchangers 
of  the  Miamiaburg  pond,  but  has  not  done  any  damage  to  other  pond  ins tails- 
tion8.  Liner  breakage  has  occurred  to  two  ponds;  causes  for  breakage  were 
determined  and  repairs  performed.  Salt  leakage  accompanying  liner  breakage 
was  not  found  to  severely  contaminate  the  environment.  Evaporation  from  open 
pond  surfaces  resulting  in  water  losses  can  pose  some  constraints  on  pond 
applications,  especially  in  arid  regions  where  water  is  in  short  supply.  Evap- 
oration suppressants  which  can  be  applied  to  pond  surfaces  are  being  investi- 
gated. Earthquakes  and  tornados  have  not  been  experienced  by  any  existing 
ponds.  They  may  conceivably  damage  ponds,  but  special  design  considerations 
and  repairs  can  be  excercised  as  they  are  with  other  types  of  structures  or 
power  plants.  No  ponds  have  been  a visual,  safety  or  any  other  type  of 
environmental  hazard. 

In  short,  what  has  been  learned  and  experienced  of  solar  ponds  has 
been  positive.  The  capability  of  ponds  to  collect  and  store  solar  energy  has 
been  repeatedly  confirmed,  even  in  areas  where  insolation  is  relatively  low. 
They  have  been  proven  to  be  viable  producers  of  usable  thermal  and  electrical 
energy.  This  does  not  mean,  however,  that  all  the  problems  have  been  solved. 
Research  and  development  are  still  needed  in  a number  of  important  areas. 

These  include  surface  zone  phenomena,  gradient  stability,  heat  extraction  rate 
and  methods,  water  treatment  techniques,  mud-brine  reaction,  evaporation  sup- 
pression, dydrodynamic  effects  of  scaling  up  pond  sizes,  system  optimization, 
brine  concentration  techniques,  dike  construction  schemes,  and  improved  opera- 
tion and  maintenance  procedures.  These  investigations  will  further  our  under- 
standing of  solar  ponds,  improve  their  design  and  construction,  enhance  their 
performance,  and  reduce  the  costs  of  thermal  and  electrical  energies  that  are 
derived  from  them. 
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SECTION  2 


NATURAL  RESOURCES  AND  PHYSICAL  CONDITIONS  PERTINENT  TO  SOLAR  PONDS 


2.1  NATURAL  RESOURCES 

2.1.1  Insolation 

Solar  radiation  is  by  far  the  most  important  natural  resource  that 
solar  ponds  utilise.  It  directly  affects  the  energy  output  of  a pond,  and  is 
a key  parameter  in  determining  the  applicability  of  solar  ponds  to  a given 
location. 


Sufficient  insolation  is  available  in  aost  parts  of  the  United 
States  to  support  solar  pond  operations,  and  the  southwestern  United  States  is 
aaong  the  world's  highest  insolation  regions.  Although  higher  in  latitude 
than  aany  countries  near  the  equator  (e.g.,  India,  South  America  and  Central 
Africa),  the  southwestern  states  have  peak  insolation  levels  that  rival  those 
countries. 


The  variation  of  insolation  levels  within  the  United  States  is 
significant.  Hence,  the  thermal  and  electrical  energy  output  from  solar 
ponds,  and  the  economics  of  solar  ponds,  will  also  vary  significantly  from 
region  to  region,  as  will  be  seen  in  Sections  3 and  6.  Therefore  it  is 
important  to  have  as  accurate  an  insolation  data  base  as  possible. 

This  section  presents  solar  insolation  data  pertinent  to  a 
regional  evaluation  of  solar  pond  energy  generation  potential  in  the 
continental  United  States.  The  data  are  presented  in  tabular  form  as  well  as 
in  contour  maps  displaying  both  a continuous  gray  scale  representation  of 
insolation  values  and  isoinsolation  contours  at  regular  intervals. 

The  data  are  preceded  by  a discussion  of  the  nature  of  the  raw 
data  base  available  for  the  analysis,  including  its  limitations,  and  a brief 
presentation  of  some  fundamental  considerations  necessary  for  an  understanding 
of  solar  insolation  data.  (For  a more  detailed  discussion  describing 
measurement  techniques,  data  reduction,  and  methods  of  contour  generation,  see 
Appendix  B.) 


2. 1.1. I  Solar  Insolation  Data.  The  term  solar  insolation  refers  to  the 
power  per  unit  area  integrated  over  a given  solid  angle  about  the  normal  to 
the  surface,  and  over  all  wavelengths  within  the  approximate  range  of  0.3  to 
5.0  urn.  The  exact  quantity  specified  depends  on  the  orientation  of  the 
surface  normal  as  well  as  the  field  angle  involved,  and  two  different 
insolation  components  are  generally  considered. 

Insolation  Term  Approximate  Field  Angle  Orientation  of  Surface  Normal 
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Toward  Sun 


180° 
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Vertical 


where  ■ direct  normal  insolation,  and  ■ total  horisontal,  or  total 
hemispheric  insolation. 

In  addition  to  these,  reference  is  also  made  to  the  Diffuse 
Horisontal  Insolation,  I^g,  defined  by  the  relation} 

xdH  " 1TH  " *DN  co*  z* 
where  Z ■ zenith  angle  of  aun. 

The  relevance  of  these  components  depends  on  the  specific 
application  under  consideration.  Thus,  analysis  of  solar  tracking,  point, 
focusing  paraboloidal  mirrors  requires  a knowledge  of  Iqh  (Latte,  Fujita,  * 
and  Richter,  I960),  while  tilted  flat  plate  collectors  must  use  all  three 
components  combined  with  knowledge  of  the  collector  orientation  (Kusuda  and 
Ishii,  1977).  For  solar  pond  applications,  the  Ijh  term  is  important. 

Although  many  insolation  measurements  have  been  made  at  a large 
number  of  sites  in  the  United  8tates  over  a period  of  many  years,  the  quality 
of  the  data  and  its  availability  are  such  that  its  use  and  interpretation  are 
far  from  straightforward  (Durrenberger  and  Brasel,  1976). 

The  most  extensive  data  giving  broad  national  coverage  is  that 
which  has  been  gathered  by  the  National  Weather  Service  and  archived  by  the 
National  Climatic  Center.  These  have  been  gathered  by  the  stations  of  the 
Climatological  Solar  Radiation  and  Meteorological  Data  Network  (SOLMET)  over  a 
period  extending  from  1952-1976,  and  form  the  basis  for  the  data  presented  in 
this  report. 


Although  the  SOLMET  data  is  the  most  extensive  available,  it 
suffers  from  a number  of  difficulties.  These  include: 

(1)  Limited  number  of  sites.  Although  the  SOLMET  network 
presently  consists  of  39  sites,  many  of  these  have  been  only 
recently  been  established,  and  useful  long-term  records  exist 
for  only  25  stations. 

(2)  Errors.  It  has  been  acknowledged  for  about  a decade  that 
serious  errors  (of  the  order  of  20%  in  sosm  instances)  have 
occurred  over  the  years  during  which  insolation  data  have 
been  collected.  These  have  resulted  from  a combination  of 
instrument  drift  and  calibration  problems  resulting  from 
inadequate  maintenance  of  the  instruswnts  as  well  as  inherent 
instrument  design  problems. 

(3)  Missing  data.  This  problem  has  continued  to  plague  the 
SOLMET  system.  Even  recent  data  are  affected  (Appendix  B). 

To  a certain  extent  these  limitations  have  been  overcosM  by 
extrapolating  maaaured  values  of  insolation  at  the  25  sites  to  a much  larger 
number  of  meteorological  stations  (197),  and  applying  corrections  to  the 
original  SOLMET  data  in  an  effort  to  reduce  errors  and  fill  in  missing  data. 
Although  this  effort  has  undoubtedly  resulted  in  a much  improved  data  base  for 
solar  insolation,  the  resultant  "rehabilitated'1  data  remain  open  to  criticism 
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on  th«  basis  of  accuracy  (Rapp,  1979a).  Most  aarioua  among  such  criticism  ia 
Chat  chare  nay  be  a systematic  error  reaulting  in  an  underestimate  of  inaola- 
Cion  valuea  in  Cha  northwestern  part  of  Che  country  (Rapp,  1979b). 

A further  complication  ariaea  through  actaapta  to  characterise  a 
non-stat ionary  phenomenon  by  average*  obtained  over  a given  period  of  tine. 
Long-tan  historical  data  show,  for  example,  that  variations  in  upper  atmos- 
pheric turbidity  caused  by  volcanic  activity  typically  result  in  atmospheric 
transmission  variations  of  5 to  10Z,  and  in  some  cases  as  much  as  30Z  (Watt 
Engineering  Ltd.,  1978). 

Consequently,  estimates  of  solar  insolation,  and  in  particular 
regional  comparisons  made  for  the  purpose  of  assessing  energy  production 
potential  and  cost,  must  be  viewed  as  estimates  subject  to  error.  It  is 
probable,  but  by  no  means  certain,  that  regions  in  the  high  latitudes  have 
higher  average  insolation  values  than  are  represented  by  the  best  data 
available,  which  form  the  basis  for  the  estimates  presented  in  this  report. 


2. 1.1.2  Total  Uorisontal  Insolation  Values  for  the  Conterminous  United 

States 

The  insolation  wap  presented  in  Figure  2-1  was  generated  from  data 
taken  from  the  publication  "Input  Data  for  Solar  Systems,"  prepared  by  the 
Department  of  Commerce  for  the  Department  of  Energy  (Cinquemani,  Owenby,  and 
Baldwin,  1979).  Values  are  expressed  in  units  of  kKh/m^-day.  The  gray  scale 
calibration  corresponds  to  a value  of  8 for  white  and  0 for  black.  They  are 
based  on  a total  of  222  stations  of  which  25  contain  rehabilitated  hourly 
measurements,  while  the  remaining  197  contain  derived  values  based  upon  the 
rehabilitated  data  from  the  25  stations  plus  meteorological  data  gathered  at 
each  station.  All  222  sites  used  in  the  study  are  shown  on  the  map.  The  data 
are  averaged  over  a period  of  approximately  25  years  from  the  early  1950s  to 
the  mid  1970s. 

For  a listing  of  the  weather  stations  together  with  their  latitude, 
longitude,  elevation,  and  monthly  as  well  as  annual  average  total  horizontal 
insolation  values  expressed  in  units  of  Langley/day,  see  Appendix  B,  Section  2. 

The  procedure  used  to  generate  the  contour  maps  involves  the 
generation  of  a discontinuous  Iju  surface  from  the  values  listed  in  **>pendix 
B,  Section  2,  and  the  subsequent  smoothing  of  that  surface  by  a 2-dimensional 
spatial  filtering  schema.  Different  amounts  of  smoothing  results  in  different 
sets  of  contours.  (Details  of  the  map  producing  technique  are  described  in 
Appendix  B,  Section  1.) 


2.1.2  Land 

Solar  ponds  are  a land- intensive  technology.  Because  of  the 
diffuse  nature  of  solar  anergy,  large  land  areas  are  required  to  locate  ponds 
for  its  collection  and  storage.  Requireswnts  on  land  vary  with  application 
and  can  range  from  less  than  an  acre  to  thousands  of  acres.  Land  availability 
and  land  value  change  from  location  to  location,  and  affect  solar  pond 
economics  on  a site-specific  basis. 
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Depending  on  Che  eolar  pond  application,  land  nay  or  nay  not  be  a 
1 inicing  factor  aa  coopered  with  other  natural  reaourcea  required  for  eolar 
ponds  (i.e.,  insolation,  salts  and  water).  For  example,  in  the  electric  power 
market  sector,  huge  ponds  are  normally  expected  on  sites  that  are  remote  from 
population  centers,  where  salts  or  brine  are  locally  available,  and  where 
insolation  and  water  are  abundant.  In  the  agricultural  sector,  sufficient 
land  should  normally  be  available  for  locating  a 2-acre  pond  on  a SOO-acre 
farm.  In  the  desalination  market  sector,  many  future  desalination  plants  can 
be  expected  to  be  built  on  low-cost  lands.  Therefore,  land  is  not  considered 
to  be  a limiting  factor  in  these  market  sectors. 

The  industrial  market  sector,  however,  is  more  susceptible  to  land 
restriction,  as  many  plants  located  in  metropolitan  areas  simply  cannot  afford 
the  land  to  on  which  build  solar  ponds.  The  residential,  commercial  and  insti- 
tutional buildings  sector  is  by  far  the  most  restricted  by  land  availability 
and  land  cost.  Especially  in  developed  residential  areas,  low-cost  vacant  land 
that  is  sufficiently  close  to  existing  buildings  is  generally  scarce.  There- 
fore, retrofitting  of  solar  ponds  in  developed  residential  areas  is  not  expected 
to  be  a sisable  market.  The  possibility  does  exist,  however,  for  solar  ponds 
to  be  incorporated  into  the  planning  considerations  of  the  undeveloped 
buildings  sector. 

Information  on  land  availability  and  land  value  is  extremely  dif- 
ficult to  obtain.  Development  pattern  varies  widely  from  city  to  city,  and 
even  within  a city.  Also,  information  is  often  not  well  documented,  or  not 
documented  at  all.  To  attempt  a regional  characterisation  of  the  availability 
and  values  of  land  is  in  itself  a major  undertaking.  It  entails  a laborious 
gathering  of  site-  or  city-specific  data,  and  making  various  assumptions 
including  stipulating  the  rules  of  generalisation. 

As  part  of  this  study,  JPL  contracted  with  the  Benham  Group 
(formerly  Benham  Blair  and  Affiliates,  Inc.)  of  Oklahoma  City,  Oklahoma,  to 
conduct  a regional  survey  on  land  availability  and  land  values  throughout  the 
United  States.  The  survey  focused  on  the  residential,  coimnercial,  and 
institutional  buildings  sector,  because  land  appears  more  limiting  to  this 
market  sector  than  to  others,  as  far  as  developing  solar  ponds  is  concerned. 

The  purpose  of  the  survey  was  to  establish  a data  base,  and  to  estimate  and 
analyse,  on  a regional  basis,  the  amount  and  value  of  land  that  is  physically 
available  for  potential  solar  pond  development.' 

The  Benham  Group  examined  over  2,200  cities  throughout  the  United 
States  and  Puerto  Rico  whose  populations  are  greater  than  10,000.  By  analys- 
ing and  categorising  population  densities,  and  by  a random  selection  process 
coupled  with  consideration  of  physiography  and  the  availability  of  U.S. 
Geological  Survey  maps,  the  Benham  Group  selected  30  cities  for  case  studies. 

For  each  study-case  city,  they  conducted  telephone  interviews  and  sent  out 
questionnaires  to  collect  data  on  land  use,  land  availability,  land  value,  and 
soning  regulations  from  city/cotsmunity  officials,  realtors,  or  appraisers. 

Data  collected  were  then  analysed  to  determine  developed  and  undeveloped  acres 
in  the  residential,  commercial  and  institutional  categories,  pond-suitable  land 
in  rich  category,  maximum  building  units  permitted  under  existing  soning  codes, 
single  family  vs.  multifamily  building  units  and  acres,  and  land  values  by  s 
low-medium-high  range  classification.  Following  completion  of  the  30  study 
cases,  regional  projections  were  made.  To  do  this,  the  Benham  Group  first 


2-5 


determined  the  total  area  for  each  denaity  category  within  a region.  By 
assuming  the  same  development  pattern  for  all  cities  in  the  same  density 
category,  the  case  study  city  results  were  used  to  generate  the  regional 
totals  of  developed  and  undeveloped  areas,  and  total  acres  of  pond-suitable 
land  in  the  developed  and  undeveloped  categories.  The  split  into  residential, 
commercial  and  institutional  categories,  as  well  as  into  single  family  and 
multifamily  residential  categories,  was  also  fashioned  after  the  study  case 
cities  in  the  region. 

The  reader  is  referred  to  the  Benham  Group  final  report  (1981)  for 
more  details  on  their  survey  and  analysis  methodology,  and  the  30-city  case 
study  results.  Their  regional  projections  on  land  availability  in  the  resi- 
dential, comercial  and  institutional  buildings  sector  are  included  here  as 
Tables  2-1  through  2-9.  Their  regional  comparison  on  land  availability  and 
land  use  is  presented  here  as  Tables  2-10  and  2-11,  and  Figure  2-2.  Their 
regional  comparison  on  land  values  is  given  here  in  Table  2-12  and  Figure  2-3. 
For  ease  of  reference,  graphical  representations  of  their  study  case  results 
on  land  availability  and  land  values  are  also  included  in  Appendix  C and  D 
respectively.  The  legend  is  given  on  the  first  page  in  each  of  these 
Appendixes . 


Table  2-10  compares,  by  region,  the  total  amount  of  city  acreage 
for  cities  with  a population  greater  than  10,000,  the  total  pond-suitable  land 
(PSL),  the  total  undeveloped  PSL,  and  the  total  undeveloped  residential  PSL  as 
divided  into  single  family  and  multifamily  segments.  Alaska,  Hawaii,  and 
Puerto  Hico  have  been  excluded  from  regional  comparisons  due  to  insufficient 
data.  The  three  regions  exhibiting  the  most  total  city  acreage  are  the 
Atlantic  Hortheast,  the  Great  Lakes,  and  the  Red  River  regions.  The  smallest 
region  is  the  Black  Hills  region,  whose  0.34  million  acres  represent  only 
about  16%  of  the  largest  region. 

Total  PSL  includes  the  combined  estimate  for  developed  and  unde- 
veloped lands.  Again,  the  Atlantic  Northeast  maintains  the  number  one  ranking 
but  is  followed  closely  by  the  Tennessee  Valley  and  Red  River  regions.  The 
Black  Hills  region  is  again  the  smallest,  consisting  of  only  5 to  6%  of  the 
total  PSL  acreage  present  in  the  Atlantic  Northeast. 

Undeveloped  PSL  is  the  total  amount  of  land  that  could  potentially 
and  realistically  be  set  aside  for  solar  pond  application  in  the  undeveloped 
portions  of  urban  settings  within  a region.  The  Red  River  region  heads  the 
list  with  the  most  undeveloped  PSL,  with  the  Atlantic  Northeast  and  Tennessee 
Valley  regions  second  and  third,  respectively.  As  before,  the  Black  Hills 
region  is  at  the  bottom  of  the  list  with  the  lowest  total  of  undeveloped  PSL. 

Residential  land  is  conveniently  divided  into  single  family  and 
multifamily  segments.  A national  average  has  been  used  to  determine  the 
single/multifamily  split:  87%  of  the  land  use  is  single  family;  13%  is  multi- 

family. In  the  undeveloped  single  family/multifamily  PSL  category  the  Atlantic 
Northeast  again  is  the  leader  with  the  most  single  family/multifamily  land 
potentially  available.  The  Red  River  region  ranks  second  in  the  single  family 
market  and  third  in  the  multifamily  area,  whereas  the  Tennessee  Valley  region 
ranks  third  and  second,  respectively,  in  those  two  categories.  The  smallest 
amount  of  single  family/multifamily  PSL  is  in  the  Salt  Lake  and  Black  Hills 
regions.  These  two  regions  rank  either  8 or  9 in  this  analysis  (Table  2-10). 
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Table  2-1.  Land-Availability  Projections: 


Atlantic  Northeast  Region 


Development 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10.000 

Developed  Land 

' Undeveloped  Land 

(3) 

Developed 

Acres 

Percentage  of 
Pond- Sul  table 
Land* 

Total  Acres  of 
Pond;  Suitable 
Land0 

(6) 

Undeveloped 

Acres 

m 

Percentage  of 
Pond-Suitable 
Land* 

(Sj 

Total  Acres  of 
Pond; Sul  table 
Landc 

Residential^ 

Low 

240,374 

32-35 

76,920-84,131 

961.498 

32-35 

307,679-336,524 

Medium 

1,060,029 

32-35 

339,209-371,010 

305,311 

32-35 

97,700-106,859 

High 

218,596 

32-35 

69,951-76,509 

24,284 

32-35 

7.771-8.499 

Coamtercial 

Low 

6,586 

34 

2,239 

27,001 

34 

9,180 

Medium 

180,619 

34 

61,411 

51,931 

34 

17,657 

High 

51,841 

34 

17,626 

5,760 

34 

1,958 

Institutional 

low 

33,806 

34 

11,494 

135,444 

34 

46,051 

Medium 

217,142 

34 

73,828 

62,489 

34 

21,246 

High 

48,941 

34 

16,640 

5,429 

34 

1,846 

Regional 

Low 

2,195,200 

Total 

Medium 

2,853,376 

High 

414,400 

Total 

5,462,976 

669, 318-714, 888e 

51 1,088- 549 ,820e 

Percentage  obtained  via  methodology  described  In  section  3.2  of  the  Benham  Group  report  (1982). 

^Obtained  by  multiplying  column  3 by  column  4. 

c0btained  by  multiplying  column  6 by  column  7. 

Phe  sum  of  column  3 for  the  residential  category  is  1,518,999.  The  single  family/multifamily  split  for  this  total  is  1,321,529 
and  197,470  acres,  respectively.  The  sum  of  column  6 for  the  residential  category  is  1,291,093..  The  single  family/multifamily 
split  for  this  total  is  1,123,251  and  167,842  acres,  respectively.  This  is  based  on  the  assumption  that  the  national  average  for 
the  single  family/multi  family  breakdown  is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

eThe  sum  of  the  two  totals  presented  reflects  that  1,180,406  to  1,264,708  acres  of  land  will  be  available  for  solar  pond 
development  in  towns/cities  -10,000  in  the  Atlantic  Northeast  region. 
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Table  2-2.  Land-Availability  Projections:  Black  Hills  Region 


Development 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10,000 

Developed  land 

Undeveloped  land 

(TJ 

Developed 

Acres 

(4) 

Percentage  of 
Pond-Suitable 
land” 

(5) 

Total  Acres  of 
PondcSui table 
Land0 

(6) 

Undeveloped 

Acres 

m 

Percentage  of 
Pond- Suitable 
land” 

(F) 

Total  Acres  of 
Pond- Sul  table 
Landc 

Residential*1 

tow 

2,692 

26-39 

700-1,050 

4,326 

26-39 

1,125-1,687 

Medium 

53,066 

26-39 

13,797-20,696 

45,205 

26-39 

11,753-17,630 

High 

23,099 

26-39 

6,006-9,009 

4,728 

26-39 

1,229-1,844 

Coomercial 

low 

2,024 

34 

688 

3,248 

34 

1,104 

Medium 

8,075 

34 

2.746 

6,879 

34 

2,339 

High 

1,158 

34 

394 

240 

34 

82 

Institutional 

Low 

400 

34 

136 

644 

34 

219 

Medium 

21,919 

34 

7,452 

18,671 

34 

6,348 

High 

9,944 

34 

3,381 

2,037 

34 

693 

Regional 

Low 

48,768 

Total 

Medium 

213,632 

High 

79,872 

Total 

342,272 

35, 300-45, 552e 

24,892-31 ,946e 

Percentage  obtained  via  methodology  described  In  section  3.2  of  the  Benham  Group  report  (1982). 
b0btained  by  multiplying  col  win  3 by  colwm  4. 
c0bta1ned  by  multiplying  column  6 by  column  7. 

^The  sum  of  colwm  3 for  the  residential  category  Is  78,857.  The  single  family/multifamily  split  for  this  total  is  88,606 
and  10,251  acres,  respectively.  The  sum  of  column  6 for  the  residential  category  is  54,259.  The  single  family/multifamity 
split  for  this  total  is  47,205  and  7,054  acres,  respectively.  This  is  based  on  the  assumption  that  the  national  average  for 
the  single  family/multi family  breakdown  is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

eThe  sum  of  the  two  totals  presented  reflects  that  60,192  to  77,498  acres  of  land  will  be  available  for  solar  pond 
development  in  towns/cities  >10,000  in  the  Black  Hills  region. 


Table  2-3.  Land-Availability  Projections:  Great  Lattes  Region 


NJ 

I 


Development 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10,000 

Developed  land 

Undeveloped  Land 

m 

Developed 

Acres 

U) 

Percentage  of 
Pond:Su1 table 
Land" 

nn 

Total  Acres  of 
PondcSui  table 
Land*’ 

nsr 

Undeveloped 

Acres 

(7) 

Percentage  of 
Pond-Sut table 
.Land* 

nn 

Total  Acres  of 

Pond-Suitable 

Land* 

Residential*1 

Low 

271,843 

15-20 

40,777-54,369 

106,114 

15-20 

15.917-21.223 

Medium 

1,282,145 

15-20 

192,322-256,429 

549,350 

IS-20 

82,403-109,870 

High 

250,842 

15-20 

37,626-50,168 

32,243 

15-20 

4,837-6,449 

Comae  rc  1*1 

Low 

28,507 

34 

9.692 

10,839 

34 

3,685 

Medlua 

295,880 

34 

100,599 

126,900 

34 

43,146 

High 

16,941 

34 

5,760 

2.186 

34 

743 

Institutional 

Low 

18.968 

34 

6,449 

7,262 

34 

2.469 

Medium 

394,506 

34 

134,132 

168,980 

34 

57,453 

High 

28,964 

34 

9.848 

3,826 

34 

1,301 

Regional 

low 

1,083,904 

ToUl 

Medium 

3.287,552 

High 

546,496 

Total 

4,917,952 

537,205-627,446* 

211,954-246,339* 

^Percentage  obtained  via  methodology  described  In  section  3.2  of  the  Benham  Group  report  (1982). 
b0btained  by  multiplying  column  3 by  column  4. 
cObtained  by  multiplying  column  6 by  column  7. 

**The  sum  of  coltmn  3 for  the  residential  category  is  1.804,830.  The  single  family/multi  family  split  for  this  total  Is  1,570,202 
and  234,628  acres,  respectively.  The  sum  of  column  6 for  the  residential  category  Is  687,707.  The  single  famlly/multi family 
split  for  this  total  Is  598,305  and  89,402  acres,  respectively.  This  Is  based  on  the  assumption  that  the  national  average  for 
the  single  family/multifamily  breakdown  Is  87  and  13  percent,  respectively  (Chapin  and  kaiser  1979). 

*The  sum  of  the  two  totals  presented  reflects  that  749.1S9  to  873,785  acres  of  land  will  be  available  for  solar  pond 
development  In  towns/cities  >10,000  in  the  Great  lakes  region. 
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Table  2-4.  Land-Availability  Projections:  Gulf  Coast  Region 


Developnent 

Category 

(1) 

City 

Oenstty 

Category 

(2) 

Total  Acres 
for  Cities 
>10.000 

Developed  Land 

Undeveloped  Land 

(3) 

Developed 

Acres 

n> 

Percentage  of 
Pond-Suitable 
Land" 

TCI 

Total  Acres  of 
PondeSui  table 
Land6 

1$) 

Undeveloped 

Acres 

IT) 

Percentage  of 
PondsSwttab1e 
land* 

JoJ 

Total  Acres  of 
Pond- Suitable 
land' 

Residential* 

Low 

411,482 

28-30 

115,215-123,445 

102,911 

28-30 

28,815-30.873 

Nedtun 

641,607 

28-30 

179.650-192.482 

257,709 

28-30 

72. 159-77 ,31*. 

High 

54,279 

28-30 

15,198-16,284 

28,383 

28-30 

7.947-8.515 

Coawarclal 

Low 

117,566 

34 

39,972 

29,392 

34 

9.993 

Mediua 

70,342 

34 

73.742 

28,350 

34 

9,639 

High 

6.831 

34 

2.323 

3,568 

34 

1.213 

Institutional 

Low 

29,392 

34 

9,993 

7,328 

34 

2.492 

Mediua 

170,527 

34 

57,979 

68,424 

34 

23,264 

High 

22.572 

34 

7,674 

11.806 

34 

4.014 

Regional 

Low 

805.248 

Total 

Mediua 

2,131,584 

High 

203.904 

Total 

3.140.736 

501, 746-523, 894e 

159,536-167,316* 

‘Percentage  obtained  via  Methodology  described  In  section  3.2  of  the  Benhan  Group  report  (1982). 

^Obtained  by  Multiplying  cotuan  3 by  coluun  4. 

c0btatned  by  Multiplying  coluan  6 by  coluun  7. 

*The  sum  of  coluun  3 for  the  residential  category  Is  1,107,368.  The  single  faarily/nultifaurily  spltt  for  this  total  is  963,410 
and  143.958  acres,  respectively.  The  sum  of  coliam  6 for  the  residential  category  Is  389,003.  The  single  fanlly/aultl faulty 
split  for  this  total  Is  338,433  and  50,570  acres,  respectively.  This  Is  based  on  the  assuaption  that  the  national  average  for 
the  single  fanily/MuIttfanlly  breakdown  Is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

*The  sum  of  the  two  totals  presented  reflects  that  661,282  to  691,210  acres  of  land  will  be  available  for  solar  pond 
developnent  in  towns/cities  >10,000  In  the  Gulf  Coast  region. 
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Table  2-5.  Land-Availability  Projections:  Pacific  Northwest  Region 


OevelopMent 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10,000 

Developed  Land 

Undeveloped  Land 

TO 

Developed 

Acres 

TO 

Percentage  of 
Pond; Sul  table 
land* 

TO 

Total  Acres  of 
Pondr Sul  table 
Land0 

(6) 

Undeveloped 

Acres 

m 

Percentage  of 
Pond;Sui table 
Land* 

m 

Total  Acres  of 
Pond- Sul table 
Land* 

Residential*1 

Low 

158,000 

25-34 

39,500-53,720 

147,703 

25-34 

36,926-50,219 

NediuM 

174.735 

25-34 

43,684-59,410 

21,582 

25-34 

5,396-7,338 

High 

23,226 

25-34 

5,807-7,897 

23,910 

25-34 

5,978-8,219 

Commercial 

Low 

34,432 

34 

11,707 

32,179 

34 

10,941 

Medium 

9,445 

34 

3,211 

1,181 

34 

402 

High 

6,550 

34 

1,207 

6,741 

34 

2,292 

Institutional 

low 

303,128 

34 

103,064 

284,142 

34 

96,608 

Mediun 

61,393 

34 

20,874 

7,603 

34 

2,585 

High 

6,240 

34 

2,122 

6,431 

34 

2.187 

Regional 

Low 

1.608.960 

Total 

rtedluM 

472.256 

High 

79,488 

Total 

2,160,704 

231,176-263,212e 

163,324-180,791* 

’Percentage  obtained  via  Methodology  described  in  section  3.2  of  the  Benhan  Group  report  (1982). 

^Obtained  by  Multiplying  coluarn  3 by  coluwn  4. 

Slbtalned  by  Multiplying  coluMn  6 by  colunn  7. 

dThe  sum  of  colum  3 for  the  residential  category  is  355,961.  The  single  faMily/MultifaMily  split  for  this  total  is  309,686 
and  46,275  acres,  respectively.  The  sum  of  toluMn  6 for  the  residential  category  is  193,195.  The  single  faaily/MultifaMlly 
split  for  this  total  is  166,080  and  25,115  acres,  respectively.  This  is  based  on  the  assueption  that  the  national  average  for 
the  single  faMily/NultifaMily  breakdown  is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

eThe  sum  of  the  two  totals  presented  reflects  that  394,500  to  444;003  acres  of  land  will  be  available  for  solar  pond 
developMent  in  towns/cities  >10,000  in  the  Pacific  Northwest  region. 


Table  2-6.  Land-Availability  Projections:  Red  River  Region 


Oevelopaent 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10,000 

Developed  Land 

Undeveloped  Land 

(3) 

Developed 

Acres 

(41 

Percentage  of 
Pond- Suitable 
Land* 

(51 

Total  Acres  of 
Pondr Sul table 
Land 

(6) 

Undeveloped 

Acres 

|7J 

Percentage  of 
^ond| Suitable 

(87 

Total  Acres  of 
Pond- Suitable 
Lamp 

Residential4 

Low 

95.682 

28-31 

26,791-29,661 

280,005 

28-31 

78,401-86.802 

Medina 

275,124 

28-31 

77,035-85,288 

743,852 

28-31 

208.279-230.594 

High 

20.891 

28-31 

5,849-6,476 

5,105 

28-31 

1.492-1.583 

fanatic  ial 

Low 

15,740 

34 

5,352 

46.184 

34 

15.703 

Medina 

39,303 

34 

13,363 

106.264 

34 

36.130 

High 

4,450 

34 

1.513 

1,092 

34 

371 

Institutional 

Low 

19.S71 

34 

6,654 

57,264 

34 

19,470 

Medina 

204.377 

34 

69,488 

552,576 

34 

187.576 

High 

2.172 

34 

922 

663 

34 

225 

Regional 

Low 

1.03S.520 

Total 

Hediua 

2,911,360 

High 

83.968 

Total 

4.030.848 

206,967-218, 717* 

547,584-578,454* 

Percentage  obtained  via  methodology  described  In  section  3.2  of  the  Benhia  Group  report  (1982). 

Stained  by  Miltlplylng  colwan  3 by  colnai  4. 

c Obtained  by  aultjplylng  col  nan  6 by  coliam  7. 

dThe  siaa  of  coluan  3 for  the  residential  category  is  391,697.  The  single  faaily/aultifaaily  split  for  this  total  is  340,776 
and  50.921  acres,  respectively.  The  sue  of  coluan  6 for  the  residential  category  is  1,028,962.  The  single  fauily/aul tifaaily 
split  for  this  total  is  895,197  and  133,765  acres,  respectively.  This  is  based  on  the  assuaptlon  that  the  national  average  for 
the  single  faaily/aultifaally  breakdown  Is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

*The  sub  of  the  two  totals  presented  reflects  that  754,551  to  797,171  acres  of  land  will  be  available  for  solar  pond 
devetopaent  in  towns/cities  >10,000  In  the  Red  River  region. 


Table  2-7.  Land-Availability  Projections:  Salt  Lake  Region 


Development 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10.000 

— nn — 

Developed 

Acres 

TO 

Percentage  of 
PondrSut table 
land* 

to 

Total  Acres  of 
Pondr Suitable 
Land® 

TV 

Undeveloped 

Acres 

m 

Percentage  of 
Pond- Suitable 
Land" 

m 

Total  Acres  of 
Pond- Sul table 
Landc 

Residential*1 

low 

13,499 

28-37 

3,780-4,995 

16.316 

28-37 

4,569-6.037 

Medina 

236,253 

28-37 

66,151-87,414 

26,208 

28-37 

7.338-9.697 

High 

62.258 

28-37 

21,168-23,036 

8,288 

28-37 

2,321-3,067 

Commercial 

low 

1,772 

34 

603 

2,144 

34 

729 

Medium 

85,975 

34 

29,232 

9,548 

34 

3.246 

High 

3,664 

34 

1,246 

493 

34 

168 

Institutional 

Low 

19,770 

34 

6.722 

23,898 

34 

8.125 

Medina 

42.868 

34 

14,575 

5,251 

34 

1.78S 

High 

5,950 

34 

2.023 

796 

34 

271 

Regional 

low 

177,152 

Total 

Medium 

477.376 

High 

126.336 

Total 

780.864 

. 

145 ,500- 169 ,846* 

28.552-33.125* 

"Percentage  obtained  via  methodology  described  in  section  3.2  of  the  Benha*  Group  report  (1962). 

^Obtained  by  multiplying  colian  3 by  coIumi  4. 

Stained  by  Multiplying  column  6 by  column  7. 

dThe  sum  of  coliami  3 for  the  residential  category  is  312.010.  The  single  family/multifamily  split  for  this  total  is  271.449 
and  40.541  acres,  respectively.  The  sue  of  coIumi  6 for  the  residential  category  is  50,812.  The  single  family/multifamily 
split  for  this  total  Is  44.206  and  6,606  acres,  respectively.  This  is  based  on  the  assumption  that  the  national  average  for 
the  single  family/multifamily  breakdown  Is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

*The  s*  of  the  two  totals  presented  reflects  that  174,052  to  202,971  acres  of  land  will  be  available  for  solar  pond 
development  in  towns/cities  >10,000  in  the  Salt  lake  region. 
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Table  2-8.  Land-Availability  Projections:  Southwest  Region 


Development 

Category 

(1) 

City 

Density 

Category 

(2) 

Total  Acres 
for  Cities 
>10.000 

Developed  Land 

Undeveloped  Land 

(3) 

Developed 

Acres 

TO 

Percentage  of 
Pond- Sul table 
Land* 

(51 

Total  Acres  of 
Pond*Sui table 
Land" 

TO 

Undeveloped 

Acres 

m 

Percentage  of 
Pond-Suitable 
land* 

no 

Total  Acres  of 

Pond-Suitable 

LandT 

Residential4 

Low 

217,135 

17-36 

36,913-78.169 

61.060 

17-36 

10.380-21.982 

Medina 

1.022.192 

17-36 

173.773-367,989 

340,661 

17-36 

57.912-122.638 

High 

139,199 

17-36 

23,664-50,112 

10,032 

17-36 

1,705-3.612 

Comaercial 

Low 

30,822 

34 

10.480 

8,671 

34 

2.948 

Medina 

80,341 

34 

27.316 

26.850 

34 

9.129 

High 

11.201 

34 

3,808 

815 

34 

1.295 

Institutional 

Low 

30,530 

34 

10,380 

8,161 

34 

2,775 

Medina 

149.3S4 

34 

50.780 

49.715 

34 

16.903 

High 

34,772 

34 

11.823 

2.501 

34 

850 

Regional 

Low 

728.640 

Tout 

Medium 

2,097,664 

High 

271,872 

Total 

3,098.176 

348,937-610.8S7e 

103.897-218,229* 

*Percentage  obtained  via  methodology  described  in  section  3.2  of  the  BenhaM  Group  report  (1982). 

''Obtained  by  Multiplying  col  nan  3 by  colum  4. 

cObt«ined  by  Multiplying  column  6 by  colimm  7. 

4 The  sum  of  colimm  3 for  the  residential  category  is  1,378,526.  The  single  faaily/MultifaMily  split  for  this  total  is  1,199,318 
and  179,208  acres,  respectively.  The  sue  of  colwan  6 for  the  residential  category  is  411.753.  The  single  faaily/MultifaMily 
split  for  this  total  is  358,225  and  53,528  acres,  respectively.  This  is  based  on  the  assumption  that  the  national  average  for 
the  single  fanily/multi family  breakdown  is  87  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

*The  s«aa  of  the  two  totals  presented  reflects  that  452,834  to  829,086  acres  of  land  will  be  available  for  solar  pond 
development  in  towns/cities  >10,000  in  the  South  West  region. 
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Table  2-9.  Land-Availability  Projections:  Tennessee  Valley  Region 


(1) 

City 

Density 

Category 

(?) 

Total  Acres 
for  Cities 
>10.000 

Developed  Land 

Undeveloped  Land 

Oevelopnent 

Category 

(31 

Developed 

Acres 

Percentage  of 
ftond?Set table 
Land* 

(5) 

Total  Acres  of 
PewfeSot  table 
LmmT 

(6) 

Undeveloped 

Acres 

( 7) 

Percentage  of 
SMdsSot  table 
land* 

(4) 

Total  Acres  of 
Pond-Sol table 
LamT 

Residential4 

Low 

299,460 

41-46 

122.779-137,752 

378.126 

41-46 

155.032-173.938 

NediMi 

770.122 

41-46 

315,750-354,256 

111.242 

41-46 

45.609-51.171 

High 

36.694 

41-46 

15,045-16.879 

2,172 

41-46 

891-999 

CMMercial 

Low 

88.077 

34 

29,946 

257.716 

34 

87.623 

NediMi 

81.725 

34 

27.787 

27,458 

34 

9*336 

High 

4,750 

34 

1.615 

106,805 

34 

36.314 

Institwttonal 

Low 

1,689 

34 

574 

86,381 

34 

29.370 

Ned  Imp 

319.118 

34 

108.500 

11.199 

34 

3.808 

High 

9.243 

34 

3,143 

21.723 

34 

7.386 

Regional 

Total 

Low 

NediMi 

1,206,528 

2.162,048 

* 

High 

232,832 

Tout 

3,601.408 

625.139-680.452* 

375,369-399.945* 

Snoitift  obtained  via  Methodology  described  In  section  3.2  of  the  Iwhia  Group  report  (1982). 

^Obtained  by  nolttplyleg  coImm  3 by  coImm  I. 

Slbtained  by  wltiplytng  coImm  6 by  coImm  7. 

^The  sun  of  coImm  3 for  the  residential  category  is  1.106,278.  The  single  faMlIy/MoltlfaMily  split  for  this  total  Is  962.460 
and  143,016  acres,  respocttvely.  The  smi  of  coimm  6 for  the  residential  category  is  491 .540.  The  single  fanily/Nnltifanily 
split  for  this  total  Is  427,640  and  63,900  acres,  respectively.  This  Is  based  on  the  assoeptlon  that  the  national  avenge  for 
the  single  fanily/Moltlfanily  breakdown  is  07  and  13  percent,  respectively  (Chapin  and  Kaiser  1979). 

*The  son  of  the  two  totals  presented  reflects  that  1,000,500  to  1,000,397  acres  of  land  will  be  available  tar  solar  pond 
development  in  towns/clttes  >10.000  in  the  Tennessee  Valley  region. 
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Table  2-10.  Comparison  of  Regional  Land  Use  and  Land  Availability: 
Total  Values  and  Residential  Data 


Mlwtlc  brtkMtt 

S.SO 

1 

1.180.408-1.2(4.708 

1 

Sll.000-S50.000 

1 

3S9 .440-393. 138 

S3.709-58.745 

1 

I 

Slack  Mills 

0.34 

9 

(0,192-77.498 

9 

24.892-31.948 

9 

12,273-18.410 

1. 834-2, 7S1 

8 

9 

Great  lakes 

4.90 

2 

749.1S8-813.78S 

4 

211.9S4-248.339 

4 

89,748-119.(81 

13.410-17,880 

4 

S 

Gelf  Coast 

3.10 

S 

(81.282-891.210 

S 

1S9.S38-187.318 

8 

14.781-101.S30 

14.180-IS.171 

7 

4 

Hawaii 

-- 

— 

— 

— 

— 

— 

— 

-- 

— 

— 

Pacific  Northwest 

2.20 

7 

394, $00-444 ,003 

7 

183.324-180,791 

S 

42 .020-57,147 

6,279-8.539 

6 

7 

Puerto  Rico 

-- 

~ 

— 

— 

— 

— 

— 

— 

— 

— 

Red  River 

4.00 

3 

7S4.SS1-797.171 

3 

S47.S84-S78.4S4 

2 

2S0.6SS-277.511 

37.4S4-41.487 

2 

3 

Salt  lake 

0.78 

8 

174.0S2-202.971 

8 

28.SS2-33.12S 

8 

12 .378-16.358 

1,850-2,444 

9 

8 

Southwest 

3.00 

« 

4S2 .834-829.088 

8 

103.897-218.229 

7 

60.898-128,981 

9.099-19.270 

S 

8 

Tennessee  Valley 

3.(0 

4 

1 .000,508-1 .080.39! 

2 

37S.389-399.94S 

3 

17S.332-198.714 

28.199-29.394 

3 

2 

fittest  to  lowest. 
^Pend-aui table  land. 
Single 
^tultifawily. 
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T*bl«  2-11.  Conpa***00  of  *«sioiul  Land  Uaa  and  Land  Availability 
CoMarcial  and  Inatitutional  Data 


Ragion 


Undavalopad 
Cowarcial  P8L* 
Acraa  Rank® 


Undavalopad 
Inatitutional  P8L 
Acraa  8*nk® 


*Pond-auitabla  land* 
^Highest  to  lowaat. 
clnfora»tion  not  availabla. 


ORIGINAL  PAGE  S3 
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Table  2-12.  Comparison  of  Regional  Land  Values 


Residential* 

Courclai* 

Institutional* 

Region 

Low 

Rank6 

High 

Rankb 

Low 

Rankb 

High 

Rankb 

Low 

High 

Rankb 

Alaska0 

$4,000 

-- 

$25,000 

— 

$217,800 

— 

$1,742,000 

— 

$217,800 

— 

$1,742,000 

— 

Atlantic 

Northeast 

3,049 

4 

46.000 

2 

20.000 

3 

144,619 

1 

1,000 

2 

90,000 

2 

Black  Hills 

28.000 

7 

104.544 

3 

108,900 

6 

435.600 

4 

12,000 

6 

435,600 

6 

Great  Lakes 

2.000 

1 

116.000 

5 

2,000 

1 

150,000 

2 

2,000 

3 

150,000 

3 

Gulf  Coast 

2,000 

1 

22.000 

1 

20,000 

3 

217,800 

3 

10,000 

5 

54,000 

1 

Hawa11c 

261.360 

-- 

1,176.120 

-- 

348,480d 

-- 

— 

-- 

348,480d 

— 

-- 

— 

Pacific 

Northwest 

11,000 

6 

600,000 

9 

65,340 

5 

6,534,000 

8 

65,340 

8 

6.534.000 

9 

Puerto  Rico 

— 

— 

— 

— 

— 

— 

-- 

— 

-- 

— 

-- 

-- 

Red  River 

2,500 

2 

114,345 

4 

21,780 

4 

457,300 

5 

8,000 

4 

457,300 

7 

Salt  Lake 

29.000 

8 

290.000 

7 

155.000 

7 

653.400 

6 

20,000 

7 

525,000 

8 

South  West 

3,500 

5 

348,480 

8 

7,500 

2 

653,400 

6 

200 

1 

348.480 

5 

Tennessee  Valley 

2.614 

3 

186,872 

6 

21.780 

4 

871,200 

7 

10.000 

S 

261,360 

4 

Reported  as  cost  per  acre. 


Lowest  to  highest. 


cNot  ranked;  data  analyzed  for  only  one  city. 
*Wdiiaa  value. 


Table  2-11  depicts  regional  totals  and  cosiparisons  of  the 
undeveloped  conmercial  and  institutional  PSL.  Regarding  commercial  lands,  the 
Tennessee  Valley  region  potentially  has  available  the  most  land  for  commercial 
development,  with  the  Red  River  and  Great  Lakes  a distant  second  and  third 
respectively.  The  Black  Hills  region  is  again  the  lowest.  Potential 
institutional  development  seems  to  be  most  attractive  in  the  Red  River,  the 
Pacific  Northwest,  and  the  Atlantic  Northeast  regions,  respectively. 

An  overall  visual  perspective  of  the  phenomena  described  in  the 
previous  paragraphs  is  presented  in  Figure  2-2.  This  graph  reflects  the  data 
shown  in  Tables  2-10  and  2-11  and  enables  the  reader  to  better  compare  the 
results.  The  dominance  of  the  Atlantic  Northeast  and  Tennessee  Valley  regions 
in  the  total  PSL  category  is  evident.  In  the  undeveloped  residential  (single 
family/multifamily)  PSL  class,  the  Atlantic  Northeast,  Red  River,  and  Tennessee 
Valley  regions  lead  the  rankings.  Trends  exhibited  in  the  undeveloped 
commercial  and  institutional  PSL  categories  are  quite  discernible. 

Land-value  data  are  difficult  to  obtain  and  evaluate  because  of 
the  variety  of  sources  from  which  they  originate.  Statistics,  by  nature,  when 
examined  closely,  will  usually  present  some  inconsistencies  and  varied  degrees 
of  accuracy.  Determining  land  values  is  difficult  and  open  to  individual 
interpretation.  Other  factors  that  influence  these  data  include  (Homer  Hoyt 
Institute  1981): 

(1)  Demand  variations  for  land. 

(2)  Topography  and  local  geography. 

(3)  Zoning. 

(4)  Availability  of  urban  services. 

(3)  Availability  of  utilities. 

The  three  principal  items  affecting  housing  production  include  land,  residen- 
tial construction  costs,  and  financing.  These  three  items  all  increased  sig- 
nificantly in  the  1970s,  and  at  a higher  rate  than  in  the  1960s  (Miller  1981). 

A developed  lot  in  today's  market  is  now  responsible  for  20  to  30X  of  the 
actual  cost  of  a single  family  house  (FHA  financed).  A recent  survey  under- 
taken by  the  Urban  Land  Institute  (ULI)  indicates  that  residential  land  prices 
are  continuing  to  increase  rapidly,  far  exceeding  the  rates  of  consumer  price 
increases  (Miller  1981).  This  regional  study  of  the  United  States,  which 
divided  the  country  into  three  regions  (North,  South,  and  West),  indicates  a 
large  range  of  price  increases  across  regions,  especially  in  the  western  cities 
of  Phoenix,  Boulder,  Seattle,  and  San  Diego  (Miller  1981). 

Land-price  inflation  is  affected  by  three  basic  factors:  supply 

forces,  demand  forces,  and  future  expectations  of  supply  and  demand.  Those 
forces  of  supply  include  limits  on  developable  land  supplies,  more  site 
development  requirements,  and  approval  process  delays.  Demand  forces  include 
a large  and  strong  housing  demand  caused  by  population  movement  and  the  recent 
invasion  of  the  housing  market  by  the  baby  boom  generation.  The  third  factor, 
future  expectations,  concerns  land  investments  that  are  attractive  in  the 
speculative  market  in  areas  where  increasing  housing  demand  and  rising  land 
prices  are  proven  commodities  (Miller  1981). 
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The  1980  UL1  survey  characterises  residential  land-price  increases 
as  mild  in  the  South  (Atlanta,  Miami,  Jacksonville,  and  Houston),  steady  in  the 
North  (Pittsburgh,  Hartford,  Kansas  City,  and  Indianapolis),  and  accelerating 
in  the  West.  In  general,  the  survey  indicates  inflated  residential  land  values 
are  primarily  influenced  by  the  demand  for  new  housing,  higher  development 
costs,  and  constraints  on  the  supply  of  developable  land  (Miller  1981). 

A recent  (August  1981)  projection  by  the  Homer  Hoyt  Institute 
(HHI)  indicates  that  in  the  near  future  (12  to  24  months)  land  prices  will 
stabilise  due  to  slow  housing  sales  and  bankruptcies.  Homer  Hoyt  Institute 
states  that  as  inflation  comes  down,  land  quickly  becomes  an  overrated 
investment. 


Table  E-l  of  Appendix  E summarises  the  average  sise  of  finished 
residential  lots  by  states  from  1976  to  1980,  and  Table  E-2  reflects  the  cost 
of  finished  residential  lots  by  states  and  the  average  cost  of  finished 
residential  lots/ft2  for  the  same  period.  These  data  indicate  that  the 
average  cost  for  a finished  residential  lot  for  1980  was  $13,539,  based  upon 
12,807  ft2/lot  ($l.Q5/ft2).  Hawaii  exhibits  the  most  expensive  lots 
($62, 516/5, 901-ft2  lot)  with  California  rated  as  the  second  most  expensive 
($30, 853/8, 378-ft2  lot).  Large  lots  are  representative  of  the  New  England 
states  (Maine:  42.168  ft2),  and  small  lots  are  most  common  in  the  west 

(Hawaii:  5,901  ft2,  Nevada:  7,352  ft?,  Alaska:  8,071  ft2,  and 

California:  8,378  ft2). 


Table  E-3  of  Appendix  E shows  a land-price  index  for  different 
portions  of  the  country  based  on  a monthly  analysis.  Increases  in  all  regions 
are  easily  traced  since  1979.  The  increases  in  the  Northeast  have  been  steady 
and  minimal,  whereas  the  South  and  West  exhibit  steady  but  high  increases. 

The  lower  chart  of  exhibit  C compares  the  cost  per  acre  of  residential  land 
from  1971  to  1980. 


Table  2-12  presents  an  overall  summary  of  the  regional  land 
values.  As  previously  expressed,  land  values  are  difficult  to  obtain  and  are 
not  easily  compared  due  to  the  many  variables  involved.  Based  on  the 
city-specific  research  of  these  data,  the  lowest  residential  land  prices  are 
potentially  available  in  the  Gulf  Coast,  Great  Lakes,  Red  River,  and  Tennessee 
Valley  regions  ($2,000  to  $2, 614/acre).  In  the  commercial  sector,  the  Great 
Lakes  and  Southwest  regions  rank  one  and  two,  respectively,  concerning  the 
lowest  potential  costs  based  on  ranges  of  values.  Institutional  prices  are 
quite  variable,  but  low  prices  are  evident  in  the  Southwest,  Atlantic 
Northeast,  and  Great  Lakes  regions. 

Figure  2-3  graphically  summarises  the  regional  trends  displayed  by 
Table  2-12.  In  general,  it  easily  is  seen  that  land  values  in  those  areas 
west  of  the  Mississippi  River  reflect  a higher  level  than  those  areas  east  of 
the  Mississippi  River.  These  results  concur  with  the  results  of  the  ULI  and 
HHI  studies.  High  values  are  evident  in  the  Pacific  Northwest,  Black  Hills, 
Salt  Lake,  Southwest,  Red  River,  and  the  Tennessee  Valley  regions. 

Examining  Tables  2-10,  2-11  and  2-12  (or  equivalently  Figs.  2-2 
and  2-3),  several  remarks  can  be  made  on  the  solar-pond  land  resources  in  the 
12  regions  of  the  United  States.  In  general,  approximately  7 to  8Z  of  the 
land  in  the  conterminous  United  States  that  is  within  the  jurisdiction  of 
cities  having  more  than  10,000  people  can  be  considered  as  undeveloped  PSL. 
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The  Red  River  region  naintaine  Che  highest  percentage  (12%),  followed  closely 
by  the  Tennessee  Valley  (10  to  11Z)  and  Atlantic  Northeast  (9  to  10Z) 
regions.  Those  regions  on  the  lower  end  of  the  spectrum  include  the  Southwest 
(3  to  7Z),  Salt  Lake  (4%),  and  Great  Lakes  (4  to  5X). 

Of  this  total  undeveloped  PSL  in  the  United  States,  about  60Z  is 
potentially  comnitted  to  residential  uses.  Leading  the  way  is  the  Gulf  Coast 
region  (68  to  70Z),  while  the  Southwest  and  Atlantic  Northwest  regions  maintain 
67  to  68Z  and  60  to  61Z,  respectively.  The  Great  Lakes  region  reflects  a resi- 
dential percentage  of  49  to  36  that  is  the  lowest  reasonable  percentage 
presented.  The  Pacific  Northwest  exhibits  only  a 30Z  residential  makeup  of 
undeveloped  PSL,  but  as  noted  in  the  Benham  Group  report,  these  data  may  be 
distorted  due  to  the  high  percentage  of  institutional  land  in  Klamath  Falls, 
Oregon.  Undeveloped  commercial  PSL  in  general  maintains  a relatively  low  per- 
centage, although  the  Tennessee  Valley  region  shows  36Z  potentially  dedicated 
to  commercial  uses. 

The  Atlantic  Northeast,  Great  Lakes,  Tennessee  Valley  and  Red  River 
regions  possess  the  most  pond-suitable  land  in  the  buildings  sector.  Initially 
this  may  seem  surprising.  However,  further  investigation  indicates  that  these 
regions  are  older  (historically),  are  more  established  from  a development  per- 
spective, have  a much  higher  density  of  cities  and,  consequently,  more  land 
area.  In  applying  the  various  percentage  analyses,  the  higher  the  number  of 
total  acres  in  a region  the  greater  the  potential  for  large  pond-suitable  land 
acreage.  Overall,  the  Red  River  region  exhibits  the  highest  percentage  of 
undeveloped  PSL  (12%). 

Although  the  eastern  regions  predominantly  show  the  highest  land 
availability,  the  western  regions  still  may  show  the  most  solar  pond  potential 
due  to  a variety  of  factors.  In  the  western  regions,  the  land  surrounding  the 
cities  is  predominantly  open  and  uncongested.  Raw  undeveloped  land  is  readily 
available,  easily  accessible,  and  ripe  for  annexation.  Topography  and  vegeta- 
cion  are  better  suited  to  development  opportunities.  With  the  increased  pur- 
suit of  natural  resources  for  energy  development  west  of  the  Mississippi  River, 
and  the  attractiveness  of  the  western  sunbelt,  economic  and  demographic  changes 
in  the  western  regions  will  almost  certainly  be  dynamic.  The  resulting  growth, 
bolstered  economies,  and  changes  in  planning  philosophies  would  cause  annex- 
ation to  becomes  a big  issue  and  towns/cities  begin  to  expand.  This  continued 
trend  would  make  the  western  regions  a more  attractive  area  for  future  solar 
pond  development. 

Collecting  consistent  and  valid  land-value  data  is  difficult. 
Sources  of  information  vary,  and  the  presentation  and  type  of  data  are  incon- 
sistent. Differing  interpretations  of  terms  (undeveloped  land,  raw  land,  etc.) 
lead  to  many  data  variables.  Data  presented  herein  exhibit  a wide  range 
because  land  costs  are  as  low  as  $200  per  acre  (Carlsbad:  institutional)  and 

as  high  as  $6  million  (Seattle:  commercial).  Trends  revealed  here  are  con- 

sistent with  recent  land  value  surveys  conducted  by  the  Urban  Land  Institute 
and  the  Homer  Hoyt  Institute.  Cost  of  land  west  of  the  Mississippi  River  is 
generally  higher  and  is  increasing  at  a fairly  rapid  rate.  This  can  be 
attrib-  uted  to  population  migrations  and  the  renewed  interest  in  natural 
resources  to  supplement  the  nation's  increased  energy  demand. 


2-23 


Overall,  the  undeveloped  portions  of  cities  seem  to  present  the 
best  opportunity  for  application  of  solar  pond  technology.  The  potential 
appears  greatest  in  those  areas  where  coordinated  planning  takes  place  in  the 
early  stages  of  a proposed  development.  Planned  unit  development  and  clustered 
development  may  provide  the  best  avenues  for  the  technology. 

Developed  areas  would  have  to  be  retrofitted  to  utilise  the 
service  provided  by  solar  ponds.  The  initial  problems  associated  with 
retrofitting  include  politics,  availability  of  sufficient  adjacent  land,  and 
social  and  economic  acceptance  by  those  being  served.  However,  retrofit  uses 
on  developed  lands  are  still  viable  in  certain  areas  and  still  hold  a place  in 
the  pond  technology.  For  example,  information  sources  in  Boseman,  Montana, 
indicate  that  retrofitting  in  developed  subdivisions  might  be  a distinct 
possibility  since  a set-aside  parcel  of  open  space  is  required  in  each 
development,  primarily  for  park  development.  It  seems  that  most  of  these 
areas  remain  vacant  and  could  be  used  for  other  purposes.  Officials  in 
Pendleton,  Oregon,  visualize  the  municipal  airport  as  a good  location  for 
further  solar  pond  evaluations.  Actual  observations  in  Oklahoma  City, 

Oklahoma,  indicate  the  potential  for  locating  vacant  or  unused  land  near 
existing  developments  is  very  good. 


2.1.3  Water 

The  requirements  for  initially  filling  a pond,  to  rinse  the 
surface  and  to  replace  water  lost  by  evaporation  all  make  the  availability  of 
water  of  crucial  importance  in  siting  a pond.  Initial  filling  of  the  pond 
requires  5 to  18  feet  of  water.  Evaporation  requires  up  to  6 feet  of  water 
per  year.  The  regions  with  most  sunlight  tend  also  to  be  regions  of  general 
water  shortages. 

Care  must  be  taken  to  site  ponds  where  the  water  supply  will  not 
be  curtailed  during  the  expected  lifetime  of  the  pond,  and  where  the  pollution 
of  other  local  water  supplies  can  be  avoided.  In  many  regions,  the  location 
and  size  of  the  pond  will  be  constrained  by  the  water  supply.  Individual  small 
thermal  power  ponds  will  not  be  as  tightly  constrained  as  will  larger  electric 
power  ponds. 


Though  ponds  have  a large  water  requirement,  saline  water  can  also 
be  utilized  and  low-salinity  water  is  adequate  for  makeup  and  rinsing.  The 
use  of  brackish  or  saline  water,  unusable  for  most  other  purposes,  is  strongly 
indicated.  Additional  water  sources,  such  as  municipal  waste  water  systesis, 
may  also  be  practical  pond  water  supplies. 

An  advantage  of  solar  ponds  is  that  surface  rinsing  does  not  have 
to  be  a continuous  process.  During  months  of  drought,  rinsing  can  be 
curtailed  without  serious  damage  to  the  pond. 

Areas  of  overall  water  surplus  in  the  United  States  are  indicated 
as  the  shaded  portions  on  Figure  2-4.  East  of  about  96°  longitude,  the 
country  has  an  abundant  water  supply.  The  Pacific  coastal  and  western 
mountains  also  have  local  areas  of  water  surplus,  but  the  remainder  of  the 
country  west  of  about  96°  longitude  is  water  deficient. 
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A map  of  surface  water  runoff  of  the  United  States  (Figure  2*5) 
gives  an  indication  of  the  overall  water  supply.  Surface  water  runoff  is  that 
portion  of  the  annual  average  total  precipitation  which,  after  falling  on  land 
areas,  later  appears  in  streams  through  direct  travel  or  through  ground 
seepage.  Bast  of  90°  longitude,  annual  runoff  ranges  generally  from  10  to 
20  in.,  with  greater  runoff  in  mountainous  areas  and  in  New  England.  Between 
90  and  100°  longitude,  runoff  decreases  to  approximately  1 in./yr,  typical 
of  the  entire  western  half  of  the  country  except  for  certain  mountain  and 
coastal  areas.  On  the  whole,  there  is  surplus  water  where  more  than  10  in.  of 
annual  runoff  are  indicated,  but  water  is  in  short  supply  in  regions  with  less 
than  S in./yr  runoff. 

Naturally-occurring  saline  surface  water  is  usually  a nuisance 
because  it  reduces  the  fertility  of  arable  land  and  pollutes  rivers  and  other 
fresh  water  supplies.  However,  it  can  be  advantageously  utilised  for  solar 
ponds  (Appendix  F,  Fig.  F-l).  Saline  lakes  have  potential  as  pond  sites. 

Table  2-13  lists  the  10  largest  saline  lakes  in  the  United  States,  with  a 
combined  area  of  2707  mi2.  All  of  these  lakes  are  located  within  or  near 
the  region  of  insolation  greater  than  4.5  kWh/m2-day,  as  indicated  earlier 
by  Figure  2-1  (see  also  Appendix  B,  Fig.  B-2  through  B-4). 

In  many  locations,  desalination  plants  are  used  to  reduce  the 
salinity  of  naturally  occurring  water,  or  to  clean  up  polluted  water. 

Appendix  F,  Figure  F-2,  shows  the  locations  and  siae  ranges  of  the  desalination 
plants  in  the  United  States  in  1969.  The  brine  effluent  from  a desalination 
plant  is  usually  of  little  or  no  value,  but  is  a source  of  water  for  solar 
ponds . 


Groundwater,  a major  source  of  water  in  the  United  States  today, 
is  drawn  from  aquifers,  which  are  sediments  and  hard  rock  beds  that  readily 

Table  2-13  Major  Saline  Lakes  of  the  United  States* 


Lake 

Location 

Present  Area 
(mi2) 

Great  Salt 

Utah 

1,000 

Pontchartrain 

Louisiana 

625 

Sal ton  Sea 

California 

350 

Pyramid 

Nevada 

180 

Ualker 

Nevada 

107 

Goose 

California  and  Oregon 

100 

Sabine 

Louisiana  and  Texas 

95 

Calcasieu 

Louisiana  and  Texas 

90 

Maurepas 

Louisiana  and  Texas 

90 

Salvador 

Louisiana  and  Texas 

70 

Total 

2,707 

*Geraghty,  et  al, 

1973. 
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Figure  2 5.  Average  Annual  Surface-Water  Runoff  in  the  Conterminous  United 
States,  in.  (Source:  Geraghty,  et  al,  1973) 
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yield  water  to  wells  and  river  sediments  paralleling  rivere  (Appendix  F,  Fig. 
F-3  through  F-9). 

Although  aquifera  aay  contain  enoraous  quentitiea  of  water,  they 
are  finite,  and  aay  not  be  naturally  repleniehed  ee  feat  aa  water  ia  withdrawn. 
Thia  eituation,  termed  "water  mining."  leads  to  diminished  flow  fron  wells  and 
to  eventual  depletion  of  the  aquifer,  and  can  cause  surface  subsidence. 

Groundwater  is  often  pumped  for  use  as  drinking  water  where 
surface  waters  are  polluted.  On  the  other  hand,  many  aquifers  have  been 
polluted  by  seepage  froa  the  surface  or  by  encroachment  of  salt  water  into 
aquifers  aa  their  fresh  water  is  depleted.  Care  aust  be  exercised  in  solar 
pond  siting,  construction  and  operation  to  protect  aquifers  underlying  the 
pond. 


Saline  groundwater  typically  underlies  fresh  groundwater,  resides  in 
older  sediments,  and  increases  in  salinity  with  depth  (Appendix  F,  Fig.  F-LO). 
The  saline  aquifers  extending  from  Texas  to  North  Dakota  are  partly  composed 
of  beds  of  salt,  yielding  highly  saline  water. 

The  projected  water  supply  and  desund  in  the  year  2000  is  shown  on 
the  map  in  Figure  2-6.  The  17  water  resource  regions  represent  principal 
drainage  basins.  The  upper  number  printed  in  each  region  indicates  the 
region's  annual  average  total  runoff,  in  billions  of  gallons  per  day. 

Attempting  to  capture  end  use  all  of  the  runoff  in  a given  basin  is  rarely 
feasible  because  most  streams  cannot  be  lowered  beyond  certain  limits  without 
compromising  other  uses  such  as  habitat  for  wildlife,  heat  sinks  for  power 
plants  and  industry,  navigation,  recreation,  and  waste  disposal.  However, 
much  of  the  water  supply  can  be,  and  is,  used  many  times  if  it  is  returned  to 
the  stream  in  condition  acceptable  to  downstream  users.  The  lower  left-hand 
number  is  the  total  usage  projected  for  the  year  2000,  in  billions  of  gallons 
per  day.  The  usage  figures  include  all  uses  where  water  is  withdrawn  froa  the 
stream,  and  reused  water  is  counted  each  time  it  is  withdrawn.  The  figures  do 
not  include  non-consumptive  withdrawals  for  hydroelectric  generation,  which 
alone  total  more  than  twice  the  total  runoff  of  the  entire  country.  The  lower 
right-hand  number  is  the  total  consumptive  use  projected  for  the  year  2000,  in 
billions  of  gallons  per  day.  This  quantity  is  not  returned  to  the  stream,  but 
evaporates  froa  irrigated  fields,  is  used  for  steam  production,  incorporated 
into  products,  or  is  otherwise  permanently  removed  from  the  available  water 
supply. 


Interpreting  Figure  2-6,  by  the  year  2000  total  water  desunds  will 
exceed  total  runoff  in  several  regions  in  the  Southwest  and  around  the  Great 
Lakes.  In  the  Rio  Grande  region,  consumptive  use  will  approximately  equal  the 
total  runoff. 


Some  water-short  regions  are  already  importing  water  from  areas  of 
local  surplus.  A portion  of  this  activity  is  indicated  in  Figure  2-4.  Water 
transfer  between  river  basins  is  shown  by  arrows,  with  figures  denoting 
volumes  in  thousands  of  acre-feet  per  year  (1000  acre-feet  per  year  ■ 0.89 
aillion  gallons  per  day). 

A regional  suamary  of  water  supply  conditions  for  both  surface  and 
ground  water,  from  1979  to  1990,  is  presented  in  Table  2-14  (Dobson  and 
Shepard,  1979).  The  water  resource  regions  are  those  defined  in  Figure  2-6. 
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Table  2-14.  Summary  of  U.S.  Water  Supply  Characteristics  from  1979  to  1990* 


Water 

Resource 

Region 

Surface  Water  Supply 

Groundwater  Supply 

North 

Atlantic 

New  England: 

Local  problems  during 
low-flow  periods 
Coastal  sitea  preferred  for 
power  plants 

6X  of  total  usage 
Aquifers  generally 
unproductive 

Middle  Atlantic: 

Supply  problems  on  several 
major  rivers 
Increased  dependence  on 
saline  water  for  cooling 
Possible  widespread  low-flow 
supply  problems 

10%  of  total  usage 
Relatively  undeveloped 

South 

Atlantic- 

Gulf 

Major  load  centers  in  head- 
water areas  have  low-flow 
problems  during  periodic 
droughts 

subject  to  supply  problems 
Several  large  rivers  are 
relatively  unused 
Southern  Florida  faces  severe 
shortages 

13%  of  total  usage 
Development  in  southern 
Florida  limited  by  local 
geology 

Creat 

Lakes 

Ample  supply  overall 
Crowding  may  cause  local 
problems 

Some  local  water  shortages 
Consumption  of  Creat  Lakes 
water  limited  by  St. 
Lawrence  River  flow 
requirements 

4%  of  total  usage 

Ohio 

Possible  local  shortages 
during  low  flow 
Substantial  new  energy 

development  threatens  to 
create  a supply  problem 

5Z  of  total  usage 
Relatively  undeveloped 
Ample  reserves  below  500  feet 
Reservoirs  north  of  the  Ohio 
are  more  productive  than 
those  to  the  south 

Tennessee 

No  supply  problems  seen 

2Z  of  total  usage 

Several  productive  reservoirs 

*Based  on  Dobson,  J.E.,  and  Shepherd,  A.  D.,  "Water  Availability  in  1985  and 
1990,"  ORNL/TM-6777,  October  1979,  pp.  3-29  to  3-52. 
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Table  2*14.  (Cont'd) 


Water 

Resource 

Region 

Surface  Water  Supply 

Groundwater  8upply 

Upper 

Miesiesippi 

Mo  supply  probleas  seen 

Good  availability 
Small  portion  of  reservea  now 
tapped 

Lower 

Mississippi 

Ho  supply  probleas  seen 

22Z  of  total  usage 
Vast  underground  reserves 

Souris- 

Red- 

Rainy 

Severe  water  shortages 
projected 

Critical  local  water  shortages 
Development  of  lignite 
reserves  will  require 
additional  water 

Cood  potential  in  certain 

areas 

Missouri 

Generally  ample  supply,  but 
varies  from  year  to  year 

Entire  region  may  have  severe 
probleas  during  critical 
low  flow 

Large  surface  reservoir 
capacity 

Coal  and  lignite  development 
will  require  additional 
water 

Arkansas- 

White- 

Red 

Severe  shortages  during 
critical  low  flow 
Supplies  insufficient  to 
satisfy  existing  demands 
in  many  areas 
Shortages  even  in  normal 
water  years 

50Z  of  total  usage 
Principally  from  Oglalla 
aquifer,  which  is  being 
systematically  depleted 

* 

Texas- 

Gulf 

General  supply  and  quality 
problems 

Energy  production  will  be  a 
major  contributor  to 
problems 

One  third  of  total  usage 
General  supply  and  quality 
problems 

Significant  reservoirs  under 
80Z  of  region 
TVelve  important  aquifers 
Supply  problems  in  at  least 
two  major  aquifers 
Saline  water  boundaries  of 
some  aquifers  preclude 
development 
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Table  2-14.  (Concluded) 


Resource 

Region  Surface  Water  Supply  Groundwater  Supply 


I 


Rio  Grande 


Severe  shortages  over  most  of 
region 


25X  of  total  usage 
Large,  extensive  aquifers,  many 
of  poor  water  quality 


Upper  Severe  shortages  during  low- 

Colorado  flow  periods 

Negligible  water  for  energy 
development 


Shallow  wells  generally  have 
low  productivity 
Total  groundwater  not  estimated 
possibly  many  times  the 
shallow  reservoir  capacity 


Lower  Severely  deficient  in  water 

Colorado 


40Z  of  total  usage,  expected 
to  diminish  as  aquifers  are 
depleted 

Large  overdrafts 


Great 

Basin 


Severe  shortages  throughout 
most  of  region 


Not  yet  significantly 
developed 

Large  storage  indicated 
Water  mining  prohibited  in 
Nevada 


Columbia-  No  general  supply  problems 

North  seen 

Pacific  Local  shortages,  especially 

in  late  summer 


California-  Severe  water  shortages  over 
South  much  of  region 

Pacific 


Supplies  obtainable  from 
several  types  of  rock 
Well  yields  range  from 

generally  small  to  locally 
large 

Major  source  for  Central  and 
south-central  coast 
Large  overdrafts 
Southern  California  has  local 
overdrafts  and  local  quality 
problems 


1 
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Dobson  and  Shepherd  (1979)  predicted  that,  on  the  whole,  energy 
development  will  encounter  siting  conflicts  among  competing  users  in  numerous 
water  resource  regions.  Selection  of  sites  to  fit  local  and  regional  prior- 
ities, use  of  technologies  that  consume  less  water,  and  development  of  alter- 
native water  sources  will  be  a necessary  part  of  the  planning  process.  Several 
studies  have  shown  that  competing  water  uses,  especially  irrigation,  have  sig- 
nificant potential  for  conflict  with  energy  development  throughout  the  western 
United  States.  Conflicts  may  be  resolved  by  outright  purchase  of  water  rights 
from  the  present  owners,  but  the  national  need  for  greater  energy  supply  may 
be  in  conflict  with  local  and  regional  goals  for  land  and  water  use. 


In  many  regions,  development  of  fossil  fuel  reserves,  mining,  and 
tranaporting  and  generating  power  from  coal  and  lignite,  are  expected  to  put 
high  demands  on  local  and  regional  water  supplies.  In  the  East,  water 
shortages  on  certain  tributary  and  coastal  rivers  are  expected,  and  problems 
may  develop  on  some  main  rivers  by  1990. 

Simultaneous  population  and  economic  growth,  both  region-wide  and 
centered  around  local  energy  developments,  will  put  additional  strain  on  the 
available  water  supplies.  Domestic  and  industrial  uses  traditionally  have 
priority  over  other  uses. 

In  all  parts  of  the  country,  surface  water  laws  are  based  upon 
either  the  riparian  doctrine,  the  appropriation  doctrine,  or  a combination  of 
the  two.  Riparian  water  rights  are  based  upon  ownership  of  the  adjacent  land, 
regardless  of  whether  or  not  the  water  is  used.  Appropriation  rights  are 
based  upon  use  of  the  water  for  some  benefit,  so  that  the  first  to  use  the 
water  has  priority  over  later  users,  regardless  of  land  ownership.  States 
with  water  surplus  typically  allow  the  riparian  doctrine.  The  eight  mountain 
states  follow  the  appropriation  doctrine.  Other  states  follow  both  doctrines, 
but  vary  considerably  as  to  the  relative  importance  placed  upon  each  doctrine 
(Appendix  F,  Fig.  F— 1 1 ) . 

Groundwater  rights  are  in  part  similar  to  surface  water  rights. 
(Appendix  F,  Fig.  F-12).  Many  eastern  states  use  the  English  conmon-law 
riparian  doctrine,  giving  absolute  groundwater  rights  to  the  landowner.  The 
rule  of  reasonable  use.  which  restricts  the  rights  of  the  landowner  to 
reasonable  use  relative  to  other  users.  Correlative  rights,  given  in 
California,  also  provide  for  correlation  between  the  landowner's  use  and  other 
users  during  times  of  shortage.  The  appropriation  doctrine  is  followed  in  13 
states,  but  with  some  difficulty  due  primarily  to  misunderstandings  of  the 
nature  of  the  resource  (Geraghty,  et  al,  1973). 

Regulation  of  surface  and  groundwater  use  is  increasing.  Water 
availability  has  recently  been  revived  as  a national  issue,  while  pollution  of 
surface  and  groundwater,  and  other  water/environment,  impacts,  have  been 
regulated  for  the  past  decade. 


2.1. A Salts  and  Brines 

Salts  or  high-salinity  brines  are  used  to  construct  and  maintain 
the  &_.lt  gradient  in  a salt-gradient  solar  pond.  Normally,  2000  to  4000  tons 
of  salts  are  required  for  a 1-acre  pond,  depending  on  its  depth.  For  smaller 
ponds  which  are  intended  for  thermal  applications,  salt  purchase  may  be 
feasible,  in  which  case  ponds  need  not  be  located  where  salts  or  brines  are 
locally  available.  However,  for  larger  ponds  which  are  intended  for  electric 
power  production,  economic  considerations  usually  favor  pond  sites  that 
possess  sufficient  salt  resources.  Ocean  water  or  low-salinity  brines  may  be 
utilised  if  time  is  allowed  to  produce  more  concentrated  brine  from  these  via 
processes  such  as  evaporation.  Salts  are  not  limited  to  sodium  chlor'  or 
magnesium  chloride;  they  can  be  a combination  of  a number  of  solids  that  are 
nontoxic,  adequately  soluble  in  water  (preferably  with  a solubility  that 
increases  with  temperature),  and  whose  solution  is  sufficiently  transparent  or 
can  be  treated  to  obtain  transparency. 
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The  United  States  has  an  abundance  of  salt  reserves  in  several 
areas  as  indicated  in  Figure  2-7.  This  section  addresses  each  state  as  to  the 
availability  of  salts  or  brines  as  they  relate  to  solar  ponds.  Some  states 
are  more  detailed  than  others,  depending  on  the  availability  of  information. 
Most  are  generalised  due  to  the  scope  of  this  report  and  the  geographical  area 
covered.  Information  pertaining  to  the  availability  of  clay  or  any  other 
mineral  and  remarks  pointing  out  potential  pond  sites  are  also  included  when 
appropriate  (Hurick,  1981). 

Alabama.  Southwestern  Alabama  encompassing  Choctaw,  Clarke,  Washington, 

Wilcox,  Monroe,  Escambia,  Baldwin,  and  Mobile  Counties  is  underlain  by  the 
Louann  Salt  at  depth.  The  shallowest  depth  to  the  Louann  Salt  is  about 
8200  ft  below  the  surface.  However,  in  Washington  and  Clarke  Counties  there 
are  salt  domes.  The  shallowest  are  the  Klepac  and  McIntosh  Domes.  The 
McIntosh  Dome  is  410  ft  below  the  surface.  Brine  is  also  found  in  this  same 
area.  Much  of  the  brine  is  associated  with  oil  and  gas  recovery.  The  brine 
is  also  associated  with  marine  formations  along  the  coast.  The  coastal  area 
of  Alabama  may  offer  some  good  sites. 

Clay  in  Alabama  is  adequate  for  pond  lining.  The  clay  is  found 
throughout  the  state  and  is  found  in-place  in  the  same  area  as  is  underlain  by 
salt. 

■ 

Alaska.  The  state  of  Alaska  contains  no  known  salt  deposits.  Coastal  areas 
of  southern  Alaska  may  provide  some  opportunity  for  evaporation  of  seawater. 

Arizona.  Arizona  has  three  areas  that  are  of  interest  as  potential  power 
generation  sites.  These  are  the  Supai  Basin,  also  known  as  the  Holbrook 
Basin;  Maricopa  County  west  of  Phoenix;  Haulpai  and  Detrital  Valleys. 

The  salt  deposits  in  the  Supai  Basin  (Navajo  and  Apache  Counties) 
are  at  depths  varying  from  650  ft  in  the  western  part  of  the  basin  to  1500  ft 
in  Apache  County.  The  thickness  of  the  beds  range  from  50  to  100  ft  with  total 
thickness  around  550  ft.  Indications  are  that  the  principal  concentrations  of 
salt  occur  along  a northeast  trending  zone  between  Snowflake,  Arizona,  and 
Pinta  Dome  in  Apache  County,  a distance  of  55  miles.  Portions  of  the  basin 
lie  within  the  Petrified  Forest  National  Park  and  is  therefore  closed  to 
consideration.  However,  most  of  the  basin  lies  outside  of  National  Park 
boundaries. 


The  salt  deposit  west  of  Phoenix  is  at  a depth  of  880  ft  and  is 

estimated  to  be  10,000  ft  thick.  The  proximity  to  Phoenix  may  make  this  an 

ideal  site.  The  deposit  is  within  20  mi  of  Phoenix. 

The  third  area  is  in  northwestern  Arizona  in  Mohave  County.  In 

Haulpai  Valley,  south  of  the  Red  Lake  playa,  salt  was  encountered  at  about 

1400  ft  below  the  surface  during  exploratory  drilling  and  was  still  in  salt 
when  bottomed  at  about  2600  ft.  This  rock  salt  deposit  is  at  least  1200  ft 
thick.  In  Detrital  Valley,  northwest  cf  Haulpai  Valley  and  near  Lake  Mead, 
several  holes  were  drilled.  Salt  was  encountered  at  depths  ranging  between 
300  and  800  ft  below  the  surface.  The  penetrated  salt  is  reported  to  have 
ranged  between  500  and  700  ft  thick.  The  proximity  to  Lake  Mead  and  Hoover 
Dam  may  make  this  another  ideal  site. 


I 
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Clay  exists  in  the  same  area  near  Phoenix  as  the  salt  deposit. 
Bentonite  and  common  clay  are  found  near  and  in  portions  of  the  Supai  Basin 
and  near  Snowflake,  Arizona,  clay  has  been  dug  for  bricks.  There  appears  to 
be  no  known  deposits  of  clay  in  Detrital  or  Haulpai  Valleys,  however,  this  is 
an  area  of  playas  and  evaporite  lakes  similar  to  those  common  to  southern 
Nevada  and  the  California  Desert. 

Arkansas.  The  southern  part  of  Arkansas  is  underlain  by  the  Louann  Salt. 

This  bedded  salt  extends  north  from  the  Gulf  Coast.  As  it  enters  Arkansas  it 
trends  to  shallower  depths  than  those  determined  in  Louisiana.  In  Union  and 
Columbia  Counties  the  depth  to  the  bedded  salt  may  lie  at  6000  ft  or  less. 
Northward  from  Union  County  the  salt  has  been  encountered  at  1500  ft  below  the 
surface.  In  the  Smackover  Formation  of  southern  Arkansas  heavy  brines  exist. 
These  brines  vary  between  total  dissolved  solids  of  more  than  29Z  to  something 
over  37Z.  These  brines  are  currently  mined  for  bromine  and  the  remaining 
brine  after  bromine  extraction  is  returned  to  the  brine  table  with  TDS  of 
around  30Z. 


Clay  exists  in  varying  quality  in  southern  Arkansas.  The  clay  in 
Union  and  Columbia  Counties  are  not  as  good  as  the  clay  in  inmediate  adjacent 
counties.  A clay  mix  of  in-situ  clay  with  clay  from  the  adjacent  counties 
would  make  a good  liner.  Clay  is  abundant  in  southern  Arkansas. 

California.  Salt  occurs  in  California  as  rock  salt,  playa  or  evaporite  lakes, 
and  salt  springs.  The  playa  or  evaporite  lakes,  rock  salt,  and  salt  springs 
are  found  mainly  in  the  California  deserts  with  brine  associated  throughout 
the  region.  However,  most  of  the  salt  derived  in  the  state  is  through  solar 
evaporation  of  seawater.  The  major  occurrences  of  inland  salt  are  found  in 
Inyo,  Kern,  Mono,  San  Bernardino,  and  Imperial-Riverside  Counties.  The  Salton 
Sea  which  lies  in  Imperial-Riverside  Counties  is  the  most  obvious  of  the  playa 
lakes  and  is  the  current  subject  of  study  for  a solar  salt  pond  power 
generation  site.  The  other  major  occurrences  are  covered  by  counties  below. 

Inyo  County:  Death  Valley  is  the  most  well  known  for  its 

evaporite  basins.  However,  because  it  is  also  a National  Monument  it  is 
precluded  from  this  study.  Deep  Springs  Lake  in  Deep  Springs  Valley  contains 
brines  analyzed  at  8 to  20Z  dissolved  solids,  though  less  than  half  is  NaCl. 
Owens  Lake  is  fairly  sizeable  and  may  contain  about  233  g/1  of  NaCl.  However, 
much  of  the  water  in  this  area  is  diverted  to  Los  Angeles.  This  should  not 
remove  Owens  Lake  from  consideration.  Saline  Valley  contains  a playa  lake 
known  as  Salt  Lake.  Its  surface  is  covered  with  broken  blocks  of  salt  and 
possibly  mud.  About  1 mi 2 of  smooth  clean  salt  is  found  on  the  southeastern 
side  of  the  lake.  Reports  indicate  that  alternating  layers  of  mud  and  salines 
are  found  to  a depth  of  30  ft.  Tecopa  Basin  has  been  reported  as  having  salt 
beds,  but  no  further  information  is  available. 


Kern  County:  Castac  Lake  at  Lebec,  California,  is  a shallow  playa 

lake  which  is  covered  with  a thick  salt  crust  in  the  dry  season. 3 Castac 
Lake  has  some  advantages  that  other  potential  sites  do  not  have.  First,  it  is 


^Castac  Lake  is  a natural  playa  lake  in  southern  Kern  County  at  Lebec  and 
should  not  be  confused  with  Castaic  Lake,  the  man-made  lake  which,  along  with 
Hughes  Lake,  is  part  of  the  California  Aqueduct  terminus  in  Los  Angeles 
County. 
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very  accessible  and  is  within  sight  of  1-5.  Second,  it  is  closer  to  Los 
Angeles  than  any  of  the  other  sites.  Third,  the  California  Aqueduct  passes 
very  close  by.  Fourth,  the  lake  is  the  right  sise  for  a pilot  pond.  However, 
Castac  Lake  has  one  disadvantage  that  none  of  the  other  potential  sites  have. 
Castac  Lake  lies  right  in  the  middle  of  the  San  Andreas  Fault  Zone  and  is 

about  3 mi  or  so  from  the  junction  of  the  Garlock  Fault  with  the  San  Andreas 

Fault  Zone.  This  should  not  remove  Castac  Lake  from  consideration,  especially 
as  a pilot  pond.  Koehn  (Kane)  Lake  in  Koehn  Basin  has  produced  salt  through 
solar  evaporation  for  surface  brines.  The  lake  is  about  3 by  6 mi  in  area. 

During  the  spring  and  fall  rains  the  lake  may  be  submerged  to  a depth  of  10 

in.  Salt  Well  Valley  is  a large  area  in  northeastern  Kern  County  that  has 
many  salt  wells.  This  area  is  located  between  Indian  Wells  Valley  and  Searles 
Basin  and  the  brines  should  not  be  too  dissimilar  to  those  of  Searles  Lake. 

Mono  County:  Mono  Lake,  the  highest  of  the  saline  lakes  of  the 

great  Basin,  and  Black  Lake,  not  far  from  Mono  Lake  have  low  amounts  of  salt 

in  solution.  Black  Lake  has  only  a minor  amount  of  salt.  Mono  Lake's  salt 
content  is  fairly  low  at  18.54  g/1  of  NaCl  with  a main  constituent  of  CaS04. 
Neither  lake  is,  at  present,  a desirable  site.  Black  Lake  is  about  1 mi  long 
by  500  ft  wide  and  up  to  70  ft  deep  with  organic  matter  in  solution.  Mono 
Lake,  presently,  is  ecologically  delicate  and  is  "dying."  Water  that  used  to 

drain  into  Mono  Lake  is  being  diverted  to  Los  Angeles  with  the  result  that  the 

lake  is  shrinking  significantly. 

San  Bernardino  County:  San  Bernardino  County  has  more  major 

occurrences  than  any  other  county  in  the  state.  This  is  not  surprising 
considering  its  geographical  location  and  extent.  Bitter  Lake  has  a spring, 
Bitter  Spring,  at  its  southeast  end  which  contains  sodium  chloride  and  sodium 
sulfate.  Bristol  Lake  has  both  sodium  and  calcium  chloride.  The  calcium 
chloride  has  been  recovered  from  brine  that  has  seeped  into  excavations  for 
salt.  The  salt  is  found  in  a nearby  horizontal  rock  salt  lense  that  has  an 

area  about  5 mi^.  Its  thickness  varies  from  about  6 to  7 ft,  thinning  toward 

the  edges  and  coveted  by  about  6 to  7 ft  of  mud.  A bore  hole  to  a depth  of 
1000  ft  found  salt  beds  alternating  with  clay.  Cadiz  Lake  is  reported  to  have 
about  26  ft  total  thickness  of  salt  and  gypsum  mixed  with  clay  and  sand  with 
the  average  thickness  between  5 to  7 ft.  This  is  covered  by  about  6 ft  of  mud 
and  a salt  crust.  Dilute  brines  are  also  associated  with  the  deposit.  Cave 
Springs  and  the  area  around  Daggett  are  reported  to  have  salt,  but  no  data  is 
available.  Dale  Lake  has  both  sodium  sulfate  and  sodium  chloride  with  propor- 
tions of  60  and  30Z,  respectively.  The  lake  is  about  5 mi^.  Both  minerals 
are  found  in  fairly  pure  bodies  at  shallow  depth.  Two  salt  zones  exist,  a 
30-ft  zone  at  a depth  of  20  to  40  ft,  and  a 100-ft  zone  at  about  120  ft. 

Danby  Lake  is  one  of  the  four  salt-bearing  dry  lakes  in  the  southeastern  part 

of  the  county.  It  is  2 to  3 mi  wide  and  14  mi  long.  Beneath  a 5— ft  sticky, 
impervious  clay  layer  are  horizontal,  tabular  bodies  of  salt  usually  enclosed 
in  a sticky  gray  clay.  The  salt  varies  in  thickness  from  5 ft  or  less  to  15  ft 
and  contains  much  interbedded  clay.  Brines  are  associated  with  this  deposit 
that  are  strong  with  concentrations  around  200,000  ppm. 

Emerson  Lake,  Needles,  Round  Mountain,  and  Salt  Springs  at  the 
southeastern  end  of  Death  Valley,  and  Saratoga  Springs  14  mi  northeast  of  Salt 
Springs  have  reported  salt,  but  no  further  data  is  available.  Searles  Lake, 
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currently  being  mined  by  Kerr-McGee,  is  a mud  and  sand  salt  flat  with  an 
exposed  salt  area  of  about  13  mi^  with  additional  bodies  buried  in  a 20  mi^ 
area  surrounding  the  exposed  main  body.  The  upper  or  main  salt  body  averages 
71  ft  thick  with  saturated  brine  in  interstitial  equilibrium  with  soluble 
salts.  The  second  salt  body  is  about  35  ft  thick  and  separated  from  the  main 
body  by  10  to  15  ft  of  impervious  mud.  The  salt  bodies  outside  the  main  area 
are  as  thick  as  30  ft.  Soda  Lake  is  covered  during  the  wet  season  by  a thin 
sheet  of  sodium  chloride-sulfate  brine  covering  an  area  about  80  mi^.  During 
the  dry  season  the  area  is  covered  by  a thin  saline  crust.  There  are  no  known 
salt  beds  in  the  lake  bed.  Valley  Springs  located  about  8 mi  northwest  of 
Saratoga  Springs  contains  about  1800  g/1  of  NaCl . Willard  Lake  has  a surface 
impregnated  with  salt,  but  no  further  data  is  available. 

Those  sites  previously  mentioned  have  been  inland  areas.  The 
coastline  affords  a few  opportunities.  These  are  San  Francisco  Bay,  San  Pablo 
Bay,  San  Diego  Bay,  and  Monterey  Bay.  Some  areas  just  inland  from  the  coast 
may  be  worth  a closer  look,  especially  between  Los  Angeles  and  Morro  Bay. 

Areas  along  the  eastern  slope  of  the  Coast  Range  might  also  be  considered. 
Surprise  Valley,  in  Modoc  County,  with  Upper,  Middle,  and  Lower  Alkali  Lake  is 
another  possibility,  but  no  analyses  are  available. 

Colorado.  Three  major  areas  of  bedded  salt  can  be  found  in  Colorado.  The 
first  is  the  Paradox  Basin  salt  which  is  found  in  western  Colorado  and  extends 
northwest-southeast  into  and  along  the  Colorado-Utah  border.  The  second  is 
the  Permian  Basin  salt  in  southeastern  Colorado  bordering  along  Kansas  and 
Oklahoma.  The  third  is  the  Lusk  Embayment  salt,  which  some  authorities 
believe  to  be  part  of  the  Permian  Basin,  found  in  northeastern  Colorado 
bordering  Nebraska.  All  the  major  salt  is  at  depth.  The  Lusk  Embayment  salt 
is  at  moderate  depths  about  5000  ft  below  the  surface.  The  Permian  salt  is 
fairly  shallow,  about  1000  ft  below  the  surface.  However,  in  Colorado  the 
Permian  salt  deposits  are  imperfectly  known  and  may  be  thinly  bedded.  The 
Paradox  Basin  salt  lying  in  western  Colorado  lies  at  moderate  depths  ranging 
from  about  4600  ft  in  Montrose  County  to  about  8850  ft  in  La  Plata  County. 

In  Mesa  County,  probably  due  to  folding  of  the  Paradox  members, 
salt  was  encountered  at  400  ft  below  the  surface.  In  Sinbad  and  Paradox 
Valleys  the  salt  ranges  in  depth  from  400  to  1300  ft.  Each  of  the  major 
reserves  are  extensive  and  have  associated  brines.  The  brines  associated  with 
the  Paradox  Basin  bedded  salts  are  highly  concentrated.  It  is  reported  that 
the  brines  are  about  230,000  ppm.  Clays  are  also  found  in  eastern  Colorado. 

In  the  Paradox  Basin  clay  can  be  found  mixed  with  shales.  However,  there 
exists  a shale  that  when  weathered  can  be  used  as  adobe,  but  even  in  its 
unweathered  state  it  is  impermeable  and  is  quite  suitable  for  ponds.  The  U.S. 
Water  and  Resources  Office,  formerly  Bureau  of  Reclamation,  is  currently 
engaged  in  a project  to  dispose  of  the  heavy  brines  of  the  Paradox  Basin  to 
curtail  the  contamination  of  the  Colorado  River  drainage  basin. 

Connecticut.  The  state  of  Connecticut  contains  no  known  salt  deposits. 

Coastal  areas  along  Long  Island  Sound  may  provide  some  opportunity  for 
evaporation  of  seawater. 

Delaware.  The  state  of  Delaware  does  not  have  any  reported  bedded  salt 
deposits.  However,  at  depth  there  does  exist  saline  groundwater,  especially 
along  the  coast.  In  addition,  the  state,  with  assistance  of  the  U.S. 
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Department  of  Energy,  is  considering  drilling  a geothermal  well  at  Lewes, 
Delaware.  Brines  approaching  40,000  ppm  are  expected  to  be  associated  with 
this  well.  The  site  is  on  state  university  property  and  it  is  likely  that 
land  for  a research  or  pilot  pond  in  the  size  of  1 km^  or  a little  larger  is 
available.  The  specific  site  is  located  near  the  mouth  of  Delaware  bay.  The 
soil,  though,  may  be  fairly  permeable,  so  a close  study  would  be  warranted. 

Florida.  Southern  and  western  Florida  have  Louann  Salt  at  depth.  The  depths 
to  the  salt  exceed  10,000  ft.  Brines  are  available  within  the  state.  The 
Florida  coast  with  its  estuaries,  embayments,  bays,  and  inland  waterways 
present  many  areas  where  evaporation  of  seawater  can  occur.  Almost  all  of 
Florida  is  within  60  mi  of  the  coast  enabling  most  inland  areas  to  be 
considered  for  evaporation  ponds. 

Georgia.  The  state  of  Georgia  contains  no  known  salt  deposits.  Coastal  areas 
along  the  Atlantic  may  provide  some  opportunity  for  evaporation  of  seawater. 

Hawaii.  The  state  of  Hawaii  has  previously  produced  small  amounts  of  salt 
through  solar  evaporation.  The  availability  of  land  for  evaporation  of 
seawater  on  any  of  the  Islands  of  Hawaii  may  be  limited. 

Idaho.  The  state  of  Idaho  contains  some  bedded  salts.  These  deposits  are 
primarily  found  in  Caribou  County  along  the  Idaho-Utah-Wyoming  border.  Brines 
occur  within  the  same  region.  (See  Wyoming  for  description  of  border  area.) 

Illinois.  The  state  of  Illinois  contains  no  known  salt  deposits.  Brines  are 
in  occurrence  in  moderate  concentrations  around  Chicago  and  in  heavier 
concentrations  in  the  southern  portions  of  the  state.  In  southern  Illinois 
the  brines  are  at  depths  around  3300  to  6600  ft  at  30,000  to  100,000  ppm. 

Near  Chicago  the  brines  are  below  about  3300  ft  at  30,000  ppm.  The  brines  of 
southern  Illinois  are  usually  associated  with  oil  and  gas  deposits  and 
recovery  operations. 

Indiana.  The  state  of  Indiana  contains  no  known  salt  deposits.  Brines  are  in 
occurrence  in  the  oil  producing  portions  of  the  state.  Brines  are  more 
available  in  southwestern  Indiana.  Concentrations  are  reported  to  be  100,000 
to  200,000  mg/1  TDS  lying  at  depths  from  1800  to  6000  ft. 

Iowa.  The  state  of  Iowa  contains  no  known  halite  deposits.  Gypsum  occurs  in 
Webster,  Marion,  and  Des  Moines  Counties.  Ca,  MgSO^  concentrations  of 
30,000  to  33,000  mg/1  are  in  existence  in  the  groundwater  supply. 

Kansas.  Permian  Basin  salt  is  found  at  depth  in  central  and  western  Kansas. 

The  depth  varies  from  about  450  ft  in  Clark  County  to  about  2500  ft  in  Thomas 
County.  The  Permian  salt  is  extensive  within  the  state  and  some  is  being 
mined.  The  depth  to  the  salt  is  shallow  enough  to  be  mined  using  room  and 
pillar  mining  techniques  although  solution  mining  is  probably  more  practicable. 
Brines  are  available  in  western  Kansas  that  range  in  concentration  from  25,000 
to  160,000  ppm  and  vary  in  depth.  Some  clay  exists,  but  for  the  most  part  the 
surface  soil  is  a sandy  loam.  State  regulations  discourage  the  use  of  clay  or 
other  natural  material  for  lining  ponds. 

Kentucky.  The  state  of  Kentucky  contains  no  known  salt  deposits.  Western  and 
northeastern  Kentucky  have  brines  with  reported  concentrations  in  the  upper 
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tens  or  hundreds  of  thousands  ppm.  The  Kentucky  Geological  Survey  is 
currently  engaged  in  an  aquifer  study  as  part  of  the  Underground  Injection 
Control  Program  for  Kentucky.  Part  of  the  task  of  this  study  is  to  define  the 
fresh/saline  groundwater  interface. 

Louisiana.  The  state  of  Louisiana  has  vast  reserves  of  salt.  The  entire 
state  is  underlain  by  Louann  Salt.  These  reserves  are  categorized  into  the 
Gulf  Coast  Group  and  the  Inland  Group.  Along  the  Gulf  Coast  there  are 
numerous  salt  domes  most  of  which  are  associated  with  oil  and  gas  production. 
The  coastal  zone  consists  of  numerous  swamps  and  bayous  containing  saline  or 
brackish  waters.  Beneath  these  swamps  and  bayous  and  beneath  the  coastal  zone 
proper  are  salt  domes  that  have  their  roots  in  the  mother  salt,  the  Louann 
Salt  Formation.  There  is  abundant  salt  and  water  for  any  size  solar  salt 
pond.  There  are  at  least  22  salt  domes  that  can  easily  be  mined  through 
solution  mining  techniques  statewide.  The  remaining  hundred  or  so  salt  domes 
statewide  can  also  be  tapped  as  most  of  them  have  oil  or  gas  recovery 
processes  associated  with  them.  The  Inland  Group  has  31  known  salt  domes  of 
which  seven  are  easily  utilized.  The  underlying  groundwater  is  saline  and  the 
state  of  Louisiana  would  welcome  any  reasonable  project  that  would  use  the 
saline  water  so  that  fresh  water  can  migrate  into  those  areas  where  saline 
water  is  being  utilized.  Clay  is  in  sufficient  quantities  for  lining  large 
ponds . 

Maine . The  state  of  Maine  contains  no  known  salt  deposits.  The  state  has 
buried  inland  bedrock  valleys  that  contain  "fossil"  salt  water.  The  state  has 
over  3000  miles  of  ocean-fronting  coast  and  may  provide  opportunities  for 
evaporation  of  seawater.  Clay  is  in  sufficient  quantities  for  ponding. 

Maryland.  The  state  of  Maryland  contains  some  bedded  salts  in  the  extreme 
northwestern  corner  of  Garrett  County  in  western  Maryland.  Brackish  water  to 
brines  are  found  at  depths  below  300  ft  in  eastern  Maryland.  The  coastal 
plain  of  eastern  Maryland  and  the  Chesapeake  Bay  coastline  may  provide 
opportunities  for  evaporation  of  seawater  of  concentrating  brines. 

Massachusetts.  The  state  of  Massachusetts  contains  no  known  salt  deposits. 
Coastal  areas  along  the  Atlantic  may  provide  areas  for  evaporation  of  seawater. 

Michigan.  Most  of  Lower  Michigan  with  the  exception  of  those  counties  along 
the  Indiana-Ohio  border  is  underlain  by  vast  amounts  of  bedded  Silurian  salt 
of  the  Michigan  Basin  portion  of  the  Salina  Basin.  In  the  center  of  the  basin 
in  Gladwin  and  Midland  Counties  over  1600  ft  of  salt  exists  at  depths  over 
6500  ft.  The  maximum  thickness  is  estimated  at  2000  ft  in  Bay  County.  The 
salt  thins  toward  the  boundaries  of  the  basin.  Approaching  Detroit  from  the 
northwest,  the  salt  thins  to  about  550  ft  thick  and  12  miles  south  of 
Wyandotte  the  thickness  is  about  180  ft  and  26  ft  in  Trenton.  The  depth  to 
the  top  of  the  salt  varies  considerably.  Salt  lies  at  a depth  of  800  ft  near 
Detroit  and  only  500  ft  along  the  borders  of  the  basin.  In  the  center  salt 
lies  at  a depth  of  6000  ft  or  more. 

For  development  of  a pond  or  ponds  the  area  along  the  Saginaw 
Peninsula  and  Saginaw  Bay  would  present  some  possible  potential  sites.  Salt 
and  brine  are  currently  mined  in  Midland,  St.  Clair,  and  Wayne  Counties. 

As  with  other  portions  of  the  Salina  Basin  brines  are  associated 
and  found  at  shallower  depths  than  the  bedded  salts.  The  soil  in  the  area 
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consists  largely  of  glacial  drift  with  sands  and  sandstones  distributed 
throughout.  Dolomite,  however,  is  the  major  subsurface  and  outcrop 
constituent  in  the  Michigan  Basin  portion  of  the  Salina  Basin.  The  surface 
soil  contains  lenticular  clay  deposits  that  are  somewhat  controlled  by  the 
pattern  of  the  glacial  drift.  These  clay  deposits  are  scattered  throughout 
the  state. 

Minnesota.  The  state  of  Minnesota  contains  no  known  salt  deposits.  Two  areas 
in  the  state  present  themselves  for  possible  consideration  for  potential 
sites.  The  two  areas  have  briny  or  saline  groundwater.  The  first  is  the 
upper  Red  River  Valley  in  Kitson  County  in  extreme  northwest  Minnesota.  This 
area  contains  briny  aquifers  (50,000  ppm)  and  clay  rich  soils  that  form 
impermeable  soils.  The  second  is  in  the  vicinity  of  the  Temperance  River  on 
the  north  shore  of  Lake  Superior.  This  area  contains  brackish  to  saline 
groundwater.  The  area  though  may  present  a problem  for  evaporation  of  saline 
groundwater  due  to  the  high  purity  of  Lake  Superior. 

Mississippi . Mississippi  has  abundant  salt  reserves.  The  Gulf  Coast  Salt 
Domes  extend  through  the  southern  half  of  the  state.  There  are  49  relatively 
shallow  piercement  type  salt  domes  in  the  state.  Of  these  domes,  25  have 
their  salt  tops  at  a depth  of  3000  ft  or  less.  The  shallowest  salt  dome  is 
the  Richton  Dome  in  Perry  County,  lying  about  530  ft  below  the  surface.  Most 
of  the  domes  have  been  discovered  during  oil  and  gas  exploration.  The  Mother 
Salt,  the  Louann  Salt  Formation,  is  at  extreme  depth.  In  addition  to  the  salt 
domes  much  of  the  state  is  underlain  by  brine.  Associated  with  oil  and  gas 
recovery  is  brine,  much  of  which  is  discharged  back  into  the  ground. 

Mississippi  also  has  saline  swamps  and  bayous  along  the  Gulf  Coast 
and  embayments  that  may  be  suitable  for  ponding.  The  areas  inland  from  the 
coast  tend  to  be  heavily  wooded  or  under  cultivation. 

Missouri . The  state  of  Missouri  contains  no  known  salt  deposits.  Salt  County 
is  reported  to  contain  some  brines,  but  are  not  thought  to  be  sufficient  or 
significant  for  power  generation  ponds. 

Montana.  The  state  of  Montana  contains  bedded  salts  of  the  Williston  Basin  at 
depths  around  and  below  6500  ft.  The  average  thickness  perhaps  may  exceed 
200  ft.  These  salts  are  located  in  northeastern  Montana.  East  of  the  Rockies 
of  Montana  numerous  areas  exist  that  are  saline,  either  as  saline  groundwater, 
? ponds,  lakes,  or  drainages. 

r 

Nebraska.  Western  Nebraska  has  salt  deposition  at  depth  in  Sioux,  Cheyenne, 
and  Dawes  Counties.  Sait  can  be  found  3200  ft  below  the  surface  in  Dawes 
County  and  5800  to  6600  ft  below  the  surface  in  Cheyenne  and  Sioux  Counties. 
The  thickness  of  the  bedded  salt  may  range  from  180  ft  in  Dawes  County  to 
perhaps  600  ft  in  Sioux  and  Box  Butte  Counties. 

In  western  Nebraska  numerous  small  alkaline  lakes  can  be  found  in 
Garden  and  Sheridan  Counties.  These  lakes  are  measured  in  hectares  and  are 
shallow.  The  area,  however,  appears  to  be  swampy  and  marshy. 

The  areal  extent  of  the  Lusk  Embayment  salts  in  western  Nebraska 
is  not  clearly  known.  The  counties  listed  above  are  those  cited  in  the 
literature . 


i 
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Nevada.  Nevada  is  particularly  well  off  in  potential  solar  salt  pond  sites. 
There  appears  to  be  adequate  land,  salt,  and  water  for  sizeable  power 
generation  ponds.  All  the  potential  sites  are  naturally  occurring.  The  state 
has  many  playa  lakes  that  may  be  utilized.  The  sites  have  not  been  exploited 
with  the  exception  of  some  local  uses.  The  sites  are  located  such  that  they 
have  not  attracted  commercial  attention,  until  now.  The  locations  of  the 
potential  sites  are  advantageous  for  power  generation  ponds.  Below  is  a 
county  listing  of  each  potential  site  with  the  available  data. 

Clark  County:  Rock  salt  deposits  are  known  to  exist  in  the  Virgin 

River  Valley  a few  miles  north  of  the  Colorado  River.  Outcrops  occur  at 
several  places  along  the  valley  between  St.  Thomas  and  the  mouth  of  the  Virgin 
River,  where  it  joins  the  Colorado  River.  These  outcrops  extend  over  a 
distance  of  12  miles.  Lake  Head  now  covers  most  of  the  outcrops  except  for 
two. 


Churchill  County:  Salt  is  reported  at  Carson  Sink,  but  no  data  is 

available  other  than  a salt  crust  does  exist.  Dixie  Salt  Marsh,  lying  in  the 
Dixie  Valley,  is  a former  playa  lake.  A salt  crust,  1 to  5 ft  thick,  covers 
an  area  of  about  9 mi?  near  the  center  of  the  marsh.  Underlying  the  crust 
is  a saline  mud  grading  into  salt  and  mud  layers  with  clay.  Eagle  Salt  Marsh 
has  been  used  in  the  past  for  salt  production  from  solar  evaporation  ponds 
using  a natural  brine  located  20  ft  below  the  surface.  Production  used 
shallow  excavations  50  to  60  ft  wide  and  100  ft  long  on  an  impervious  clay. 
White  Plain-Humbolt  Sink  produced  salt  through  solar  evaporation  of  brine  from 
salt  springs.  A series  of  vats  which  totalled  8500  ft  in  length  and  55  ft  in 
width  were  used.  Salt  incrustation  covers  a large  portion  of  the  Humbolt  Sink 
and  the  reserves  are  believed  to  be  extensive.  At  Parran  a small  quantity  of 
salt  was  obtained  through  solar  evaporation.  The  extent  of  the  brine  is 
unknown.  Sand  (Salt)  Springs  Marsh  about  25  mi  east  of  Fallon,  Nevada,  reports 
a surface  of  7 ft  of  hard  crystalline  salt  underlain  by  soft  black  mud.  During 
the  winter  a shallow  brine  lake,  a few  inches  deep  forms  covering  10  to  15  mi?. 
During  the  summer  the  water  evaporates  leaving  a deposit  of  3 to  5 inches. 


Elko  County: 
is  available. 


Salt  has  been  reported  near  Charleston  but  no  data 


Esmeralda  County:  Columbus  Marsh  located  along  the  border  between 

Esmeralda  County  and  Mineral  County  is  a playa  deposit  about  9 mi  long  and 
6 miles  wide  with  dilute  brines.  Silver  Peak  Marsh  located  in  central 
Esmeralda  County  in  Clayton  Valley  is  about  10  mi  long  and  about  4 mi  wide 
covering  approximately  32  mi?.  During  most  rainstorms  a foot  of  water  may 
cover  the  area.  Near  the  surface  the  groundwater  and  muds  contain  concentrated 
brines.  The  marsh  contains  a high-grade  sodium  chloride  deposits.  The  chief 
constituents  are  salt,  salt  clays,  and  mud  with  layers  of  crystallined  salt 
covered  irregularly  by  gypsum-bearing  clays.  It  is  estimated  that  15  million 
tons  of  salt  lie  within  40  ft  of  the  surface.  The  Foote  Mineral  Company  mined 
the  brines  in  the  past  and  may  still  continue  to  do  so. 

Eureka  County:  Salt  has  been  found  in  Diamond  Valley  west  of  the 

Diamond  Range.  The  plain  is  strongly  impregnated  with  salt  and  broad  fields 
of  salt  crusts  are  found  in  the  upper  end  of  the  valley.  About  1000  acres  of 
the  upper  end  has  salt  crust  several  inches  thick. 
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available 


Lyon  County:  Salt  has  been  reported  at  Wabuaka  but  no  data  la 


Mineral  County:  Rhodes  Marsh  is  a circular  marsh  about  2.5  to 

3 mi  in  diameter  covering  about  5 to  6 mi In  the  center  is  a layer  of 
pure  salt  covering  an  area  about  1 mi ^ . Other  constituent  minerals  occur  at 
the  edge  of  the  center  crust  of  salt.  Teel's  Marsh  lies  northwest  of  Columbus 
Marsh  and  was  once  the  most  productive  borax  field  in  the  West.  The  surface 
is  a soft  clayey  surface  formed  by  crude  borax.  The  areal  extent  is  1 to  2 mi 

wide  by  4 mi  long.  The  thickness  of  the  deposit  varies  from  0.5  to  18  inches. 

Nye  County:  Butterfield  Marsh  lies  in  the  lowest  portion  of 

Railroad  Valley  and  its  area  is  about  40  mi^.  A thin  salt  crust  of  several 
inches  covers  the  marsh. 

Washoe  County:  Buffalo  Springs  Salt  Deposit  lies  on  the  west  side 

of  Smokey  Creek  Desert.  A lake  is  formed  during  the  wet  season.  A crust  of 

salt  several  inches  thick  occurs  after  the  wet  season.  The  lake  bed  is 
impregnated  with  brines  that  contain  almost  15Z  NaCl. 

Nevada  has  many  unnamed  lakes  and  playas  that  contain  salt  on 
which  there  is  no  information.  Each  of  the  detailed  occurrences  should  be 
considered  as  a potential  site  unless  otherwise  indicated. 

New  Hampshire.  The  state  of  New  Hampshire  contains  no  known  salt  deposits. 

The  coastal  area  of  the  state  is  limited  and  may  present  no  opportunities  for 
evaporation  of  seawater.  The  coastline,  however,  should  not  be  discounted. 

New  Jersey.  The  state  of  New  Jersey  contains  no  known  salt  deposits.  The 
coastal  areas  of  the  state  along  the  Atlantic  and  Delaware  Bay  coasts  and  up 
the  Delaware  River  toward  Philadelphia  may  present  areas  of  opportunity  for 
evaporation  seawater.  In  the  past  evaporation  ponds  did  exist  for  local  uses. 

New  Mexico.  In  the  state  of  New  Mexico,  the  southeast  corner  area  and  the 
central  eastern  portions  of  the  state  have  vast  reserves  of  salt  at  depth  with 
associated  brines.  These  deposits  are  part  of  the  Permian  Basin  with  its 
corresponding  salt  bearing  formations.  The  depth  to  the  salt  ranges  from 
about  400  ft  in  the  southwestern  portion  of  the  basin  to  more  than  2500  ft  in 
the  northern  portions. 

In  addition  to  the  abundant  salt  deposits  at  depth,  the  state  of 
New  Mexico  has  brine  at  shallow  depths  throughout  the  southeastern  portion  of 
the  state.  The  area  lies  along  the  Pecos  River  and  in  Eddy  County.  Brine  is 
also  associated  with  Potash  production  in  Chaves  County  and  oil  and  gas 
production  in  Lea  and  Eddy  Counties.  Several  evaporite  deposits  and  salt 
lakes  are  also  found  in  the  state.  These  can  be  found  in  Catron,  Torrance, 
Sierra,  Dona  Anna,  and  Otero  Counties.  The  salt  lakes  in  Torrance  County  are 
of  more  interest  than  the  others.  Numerous  salt  lakes  cover  a total  of 
several  thousand  acres  in  Torrance  County.  Laguna  del  Perro,  about  12  mi 
long,  is  the  largest  of  the  lakes. 

Various  types  of  clay  are  available  throughout  the  state  ranging 
from  adobe  and  common  clay  to  bentonite. 
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Nw  York.  Bedded  rock  celt  underlie*  nose  of  cenCrel  aouchern  Mew  York  from 
Pennsylvania  Co  the  southern  borders  of  the  counties  along  Lake  Ontario.  The 
salt  is  st  depth  and  is  part  of  the  Selina  Basin  salt.  The  salt  reserves  are 
extensive  and  access  is  at  fairly  nodcrate  depths.  In  8eneca  County,  salt  can 
be  found  at  about  300  ft  below  the  surface.  The  Saline  salt  underlies  about 
8S00  aq  miles  of  Hew  York  with  most  of  it  at  depths  varying  from  about  525  ft 
in  the  north  at  Canandaigua  to  over  4500  ft  at  Salamanca  in  the  southern  part 
of  the  state. 

The  availability  of  brine  is  not  known,  though  brines  are  being 
recovered  for  salt,  but  can  be  surmised  as  being  available  in  the  subsurface 
of  the  same  geographical  area  as  the  bedded  salt.  Brine  is  associated  with 
the  Selina  Basin  in  Ohio,  Pennsylvania,  West  Virginia,  and  Michigan. 

The  availability  of  clay  is  also  unknown.  However,  the  geology  of 
the  area  of  interest  is  not  that  much  different  than  the  ares  of  interest  in 
Pennsylvania.  Therefore,  the  availability  of  underclay  and  refractory  clay 
along  with  glacial  clay  lenses  in  Mew  York  should  be  similar  to  those  in 
Pennsylvania. 

Worth  Carolina.  The  state  of  North  Carolina  contains  no  known  salt  deposits. 
Saline  groundwater  occurs  st  varying  depths  along  the  state's  coastal  plain 
and  may  provide  areas  of  opportunity  for  evaporation  of  seawater  for  power 
generation  utilisation. 

Worth  Dakota.  The  western  one  third  of  North  Dakota  is  underlain  by  large 
reserves  of  bedded  salt  at  depth.  The  depth  to  the  salt  ranges  from  3000  ft 
to  over  12,000  ft.  The  area  is  fairly  extensive  as  this  is  a major  portion  of 
the  Williston  Basin  salt  complex.  In  addition,  in  north-central  North  Dakota 
another  formation  of  bedded  salt  exists  and  is  the  shallowest  occurrence  of 
salt  in  the  state.  The  depth  to  the  salt  is  about  3700  ft  and  is  known  as  the 
Mission  Canyon  8alt. 

In  the  northern  portion  of  the  Williston  Basin  within  the  state 
there  are  indications  that  KC1  (potassium  chloride)  exists  at  depth  ranging 
from  thin  deposits  around  6300  ft  to  thicker  deposits  around  9000  ft  and 
deeper . 

Covering  the  same  area  as  the  bedded  salts  subsurface  brines  sre 
available  in  fairly  high  concentrations.  The  brines  range  from  7000  ppm  to 
those  in  excess  of  300,000  ppm.  These  are  naturally  at  shallower  depths  than 
the  bedded  salts. 

North  Dakota  also  has  NaS04  lakes  in  the  northwestern  part  of 
the  state.  The  four  major  lakes  are  Miller,  Grenora  2,  Stanley  A,  and  White, 
which  is  the  largest. 

Within  the  state  there  are  adequate  reserves  of  clay  of  various 
types.  The  clays  are  located  fairly  close  to  the  surface  with  20  to  40  ft  of 
overburden  in  many  areas.  The  geographical  extent  of  the  clay  covers  many  of 
the  bedded  salt  formations  of  the  Williston  Basin. 

Ohio.  Approximately  9800  mi 2 of  the  state  of  Ohio  is  underlain  with  rock 
salt  of  Silurian  age  in  the  eastern  and  northeastern  portions  of  Ohio.  Salt 
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may  b«  obtained  at  a relative  shallow  depth  of  1275  to  1350  ft  in  Sheffield 
and  Avon  Townahips  in  Lorain  County.  At  Barberton  the  top  of  the  aalt  lias  at 
a depth  of  about  2800  ft  and  from  thia  point  the  aalt  gradually  becomea  deeper 
until  it  liea  at  a depth  of  6700  ft  below  the  aurface  in  Marahall  County,  Weat 
Virginia.  Thia  rock  aalt  depoait  ia  part  of  the  Saline  Baain  aalt  that 
extenda  from  Michigan  to  New  York.  The  aalt  ia  being  mined  through  aolution 
mining  techniquea. 

Underlying  even  more  of  the  atate  are  natural  brine  unite.  These 
brinea  can  be  tapped.  Brine  ia  alao  aaaociated  with  oil  and  gaa  recovery 
within  the  state,  much  of  which  is  available  for  aalt  ponding. 

Clay  exists  in  sufficient  quantities  to  be  used  as  a liner  for 
power  generation  ponds. 

The  terrain  in  western  Ohio  may  be  more  suitable  for  a pond,  but 
it  ia  heavily  cultivated  and  ia  away  from  the  bedded  salts.  Eastern  Ohio  ia 
more  rolling,  but  ia  underlain  by  the  bedded  salt. 

Oklahoma.  Western  Oklahoma  is  underlain  by  large  reserves  of  salt  that  are 
part  of  the  Permian  Baain.  The  depth  to  the  top  of  the  rock  salt  beds  range 
from  about  30  ft  below  the  surface  down  to  945  ft.  The  thickness  varies,  but 
is  considerable.  In  addition  to  the  rock  salt,  groundwater  that  comes  in 
contact  with  the  salt  deposits  form  a natural  brine.  This  brine  covers  a 
conaiderable  portion  of  western  Oklahoma.  The  drainage  basins  collect  much  of 
the  brine  which  in  turn  contaminates  much  of  the  fresh  water  suppl>  and 
rivers.  The  Cimarron  River,  for  example,  carries  an  estimated  2600  tons  of 
salt  per  day  past  the  gauging  stations.  Several  salt  springs  in  western 
Oklahoma  contribute  about  6000  tons  of  salt  per  day  to  the  water  supply.  In 
western  Oklahoma  several  salt  flats  exist.  The  two  largest  are  Great  Salt 
Plain  and  Big  Salt  Plain,  15,000  and  4000  acres,  respectively.  The  other  salt 
flats  range  in  size  from  400  to  2000  acres.  The  salt  plains  are  flat,  barren 
areas  of  sand,  silt,  and  clay  adjacent  to  major  rivers.  Brines  flow  from  the 
bedrock  into  the  base  of  these  loose  deposits  and  permeate  them.  The 
accessibility  of  the  salt,  brine,  and  land  makes  western  Oklahoma  a good  area 
for  potential  power  generation  ponda.  Below  is  a list  of  playa  salt  derived 
from  salt  springs: 

(1)  Crest  Salt  Plain 

(2)  Big  Salt  Plain 

(3)  Little  Salt  Plain 

(4)  Blaine  County  Salt  Plain 

(5)  Beham  County  Salt  Plain 

Oregon . The  state  of  Oregon  does  not  have  any  known  rock  salt  deposits, 
however,  several  salt  springs  and  lakes  exist.  These  can  be  found  in  the 
counties  of  Columbia,  Douglas,  Jackson,  Josephine,  Multnomah,  Polk,  and 
Yamhill. 

In  Lake  County  there  are  salt  lakes  of  significant  size.  These 
are  Suaner  Lake  and  Lake  Albert.  Alkali  Lake  is  another  salt  lake  that  is  in 
Lake  County.  Near  Vale  and  Ontario,  Oregon,  is  the  most  extensive  brine 
spring  in  Oregon.  Some  thought  may  be  given  to  Goose  Lake  at  Lakeview, 

Oregon.  The  coastal  region  of  Oregon  may  be  too  mountainous  to  facilitate  a 
power  generation  pond  whereas  southeastern  Oregon  may  be  better. 


(6)  Salton  Gulch 

(7)  Robinsons  Gulch 

(8)  Kiser  Culch 

(9)  Jackson  County  Salt  Plain 
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Pennsylvania.  Rock  salt  underlies  about  half  the  state  and  is  part  of  the 
Salina  Basin.  The  salt  is  found  at  depth  ranging  from  about  2200  ft  in  Brie 
County  to  over  9000  ft  in  the  southwestern  and  west  central  parts  of  the 
state.  Much  of  the  bedded  salt  is  found  in  the  northwestern  half  of  the 
state.  Uithin  the  same  geographical  area  of  bedded  salt  subsurface  brines  can 
be  found.  Most  of  the  naturally  occurring  brines  are  associated  with  oil  and 
gas  recovery.  These  brines  tend  to  be  a sweet  water  contaminate  due  to  the 
porosity  of  the  soil. 

Rock  exists  in  the  state  that  are  formed  from  clay  minerals.  This 
form  of  clay  is  termed  underclay  and  is  usually  crushed  and  reconstituted  to 
f jrm  plastic  clay.  A clay  base  shale-like  rock  also  covers  part  of  the  state 
and  is  the  base  for  refractory  clays  and  is  impermeable.  Both  forms  of  clay 
can  be  used  for  lining  after  proper  preparation.  Plastic  clay  exists  in 
lenses  in  northwestern  Pennsylvania  and  some  lenses  may  be  large  enough  for 
pond  lining.  These  lenses  are  associated  with  glacial  deposits  and  are 
usually  found  as  a result  of  other  activity. 

Rhode  Island.  The  state  of  Rhode  Island  contains  no  known  salt  deposits.  The 
coastal  areas  of  the  state  may  present  some  opportunity  for  evaporation  of 
seawater . 

South  Carolina.  The  state  of  South  Carolina  contains  no  known  salt  deposits. 
The  coastal  areas  of  the  state  may  provide  areas  for  evaporation  of  seawater. 

South  Dakota.  The  state  of  South  Dakota  contains  bedded  salts  of  the 
Willistcn  Basin  in  northwestern  South  Dakota  in  Butte  and  Harding  Counties. 

The  salts  are  part  of  the  Pine  Salt  member  of  the  Williston  Basin.  The  depths 
range  ' 5m  about  4000  to  5400  ft  or  2300  to  2600  ft  below  sea  level , with  an 
approximate  thickness  of  300  ft.  The  salts  are  obtainable  through  solution 
racing  techniques. 

Bentonitic  clays  and  clay  lenses  associated  with  glacial  drift  are 
found  in  the  vicinity  of  the  salt  deposits.  Bentonitic  clays  of  Wyoming  are 
adjacent  to  South  Dakota's  salt  deposits. 

Tennessee.  The  state  of  Tennessee  contains  no  known  salt  deposits.  Some 
saline  groundwater  at  around  4000  ft  in  depth  is  reported  in  Maury  County. 

Texas . Texas  has  vast  reserves  of  salt  located  in  two  different  geologic 
provinces . These  reserves  consist  of  bedded  rock  salt,  salt  domes,  and 
brines.  These  reserves  are  independent  of  any  solar  evaporation  of  salt  from 
the  Gulf  of  Mexico.  The  two  provinces  are  the  Gulf  Coast  Basin  and  the 
Permian  basin. 

The  Gulf  Coast  Basin  is  comprised  of  two  related  salt  complexes: 
salt  domes  and  bedded  salt.  The  Gulf  Coast  Basin  covers  about  one  third  of 
the  state  from  the  coast  to  a line  roughly  from  Texarkana  to  Dallas  to  Eagle 
Pass.  The  first  complex  are  domes  that  vary  in  depth  to  their  tops  and  in 
areal  extent.  These  domes  usually  have  oil  and  gas  production  associated  with 
them.  About  27  domes  lie  between  1000  ft  of  the  surface.  Another  23  lie 
between  1000  and  2000  ft  beneath  the  surface.  The  remainder  of  the  known 
Texas  domes  lie  below  2000  ft  with  most  between  2000  and  10,000  ft,  although 
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some  lie  deeper.  The  second  complex  is  bedded  salts  that  lie  at  depth  in  a 
geographical  extent  that  includes  the  domes  underlying  about  one  third  of  the 
state.  Two  major  salt  beds  make  up  this  complex.  They  are  the  Haynesville 
Salt  and  the  Louann  Salt.  The  Haynesville  Salt  varies  in  thickness  from  60  to 
890  ft;  in  Hunt  County  it  is  about  60  ft  thick,  while  in  Freestone  County  it 
is  about  130  ft  thick,  whereas,  in  northeastern  Texas  it  is  about  890  ft 
thick.  Depths  to  the  Haynesville  Salt  are  not  known  for  all  locations,  but  in 
eastern  Texas  it  lies  «t  depths  from  3000  to  10,000  ft.  The  Louann  Salt  is 
the  other  isajor  salt  bed  and  is  much  more  swssive  than  the  Haynesville  Salt 
and  covers  a much  larger  geographical  area.  The  Louann  Salt  is  the  main  salt 
formation  of  the  Gulf  Coast  Basin  and  is  sometimes  referred  to  as  the  Mother 
Salt.  The  Louann  is  considered  the  source  of  the  salt  domes  in  not  only 
Texas,  but  also  in  Louisiana,  Mississippi,  and  Alabama.  The  Louann  Salt  lies 
at  depths  below  10,000  ft. 

The  Permian  Basin  is  the  other  province  in  which  bedded  salt  is 
found  at  depth.  This  portion  of  the  Permian  Basin  extends  throughout  most  of 
the  Texas  Panhandle  and  down  through  West  Texas  from  Hew  Mexico  and  Oklahoma. 
The  Permian  Basin  is  divided  into  other  basins  and  into  formations.  The 
Salado  and  Castile  salt  formations  and  the  Delaware  Basin  lie  in  both  West 
Texas  and  eastern  Hew  Mexico.  The  Salado  Formation  underlies  about  25,000  mi?. 
The  depth  to  the  Salado  salt  formation  ranges  from  400  ft  in  the  southwestern 
part  of  the  area  to  more  than  2500  ft  in  the  northern  part.  In  the  Delaware 
Basin  the  depth  to  salt  ranges  from  700  to  800  ft  on  the  west  side  and  south 
side  to  about  1500  ft  on  the  northwest  side  and  1000  to  2000  ft  on  the  shelf 
area  of  the  basin.  More  than  1700  ft  of  salt  are  found  on  the  north  and  east 
edges  of  the  Delaware  Basin  and  about  1000  ft  of  salt  in  a small  area  on  the 
shelf  area  adjacent  to  the  Delaware  Basin.  The  oldest  salt  formation  of  the 
Permian  basin  is  the  Castile.  It  is  confined  within  the  Delaware  Basin.  The 
thickness  varies  from  200  to  700  ft,  although  usually  less  than  250  ft.  The 
depth  to  the  salt  of  the  Castile  may  range  from  3000  ft  or  below,  in  that  it 
lies  beneath  the  Salado  Salt.  The  remaining  portion  of  the  Permian  Basin  Salt 
north  of  West  Texas  in  the  Panhandle  takes  on  the  characteristics  of  those 
portions  found  in  western  Oklahoma  and  eastern  Hew  Mexico.  The  thickness 
ranges  up  to  500  ft  or  thicker  at  depths  from  390  to  1200  ft.  The  Panhandle 
salt  beds  are  part  of  the  same  sequences  that  are  found  in  eastern  Hew  Mexico 
and  western  Oklahoma. 

Associated  with  the  Permian  Basin  And  the  Gulf  Coast  Basin  are 
brines.  Much  of  these  brines  are  associated  with  oil  and  gas  recovery. 

In  addition  to  the  reserves  of  dome  and  bedded  salts  there  are 
many  plays  lakes  in  western  Texas.  These  are  used  primarily  as  salt  sources 
for  cattle.  One  series  of  lakes  is  called  the  Lakes  of  Guadalupe  and  is 
located  about  90  mi  east  of  El  Paso.  The  salt  in  the  lakes  varies  in 
thickness  from  1 to  4 in. 

Clay  is  found  in  eastern  Texas  and  is  abundant.  A major  clay 
formation  runs  northeast-southwest  on  a general  line  running  from  Laredo  to 
Texarkana.  The  clay  resources  of  Texas  are  adequate  for  large  scale  pond 
lining  operations. 

Utah.  Within  the  state  of  Utah  there  are  four  major  areas  of  salt.  First, 
the  Paradox  Basin  in  eastern  Utah  contains  salt  at  depth.  The  bedded  salt 
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deposits  occupy  portions  of  Emery,  Garfield,  Grand,  San  Juan,  and  Wayne 
Counties.  The  salt  ranges  in  thickness  from  zero  along  the  outer  boundaries 
to  in  excess  of  3000  ft.  The  salt,  however,  is  fairly  deep,  between  5000  and 
6000  ft.  Portions  of  the  deposit  are  within  1500  to  2000  ft  of  the  surface. 

In  the  folded  portions  of  the  Basin  the  salt  may  be  as  close  as  500  ft  below 
the  surface.  This  basin  extends  into  western  Colorado. 

Second,  the  Great  Salt  Lake,  Great  Salt  Lake  Desert,  and  the 
Bonneville  Salt  Flats  all  of  which  are  the  remnants  of  the  vast  Lake 
Bonneville  and  are  obvious  potential  sites. 

The  third  area  is  the  Sevier  Valley  in  central  Utah.  Near 
Redmond,  Utah,  in  the  Sevier  Valley  about  200  ft  of  salt  is  exposed  in  the 
abandoned  pit  of  the  Great  Western  Salt  Company.  The  salt  contains  a 
considerable  cu.ount  of  red  clay  and  salt  intermixed.  Over  200  ft  of  similarly 
bedded  salt  occurs  north  of  Redmond.  This  would  also  be  a good  potential 
site.  Another  deposit  north  of  Redmond  stretches  5 mi  and  is  800  ft  thick. 
There  is  no  estimate  of  the  reserves  for  the  Sevier  Valley  area. 

The  fourth  area  consists  of  what  may  be  the  best  area  for  large 
solar  pond  power  generation.  This  is  the  Sevier  Basin  with  the  Sevier  Lake 
which  covers  several  townships.  The  lake  basin  including  the  dry  lake  has 
been  suggested  by  the  State  of  Utah  as  a possible  site. 

Vermont.  The  state  of  Vermont  contains  no  known  salt  deposits. 

Virginia.  The  state  of  Virginia  contains  small  deposits  of  bedded  salts  in 
Washington  and  Smyth  Counties  in  western  Virginia.  Associated  with  these 
deposits  are  salt  water  seeps  and  brines.  The  Chesapeake  Bay-Atlantic  coastal 
areas  may  present  opportunities  for  evaporation  of  seawater. 

Washington.  The  state  of  Washington  contains  no  known  salt  deposits.  Puget 
Sound  exhibits  salt  water  intrusion.  In  Grant  County  it  is  reported  that  Soap 
Lake  may  contain  around  241,000  tons  of  dissolved  salt.  The  lake  is  reported 
to  also  be  dilute.  The  Pacific  coastal  areas  and  Puget  Sound  areas  may 
present  some  opportunity  for  evaporation  of  seawater. 

West  Virginia.  The  state  of  West  Virginia  contains  bedded  salts  of  the  Salina 
Basin  that  underlies,  roughly,  the  northern  third  of  the  state.  The  minimum 
depth  to  the  salts  is  about  5000  ft,  with  thicknesses  perhaps  from  100  to 
120  ft.  Brines  are  at  shallower  depths  and  underlie,  roughly,  the 
northwestern  half  of  the  state.  Both  the  bedded  salts  and  brines  are 
obtainable  through  solution  mining  techniques. 

Wisconsin.  The  state  of  Wisconsin  contains  no  known  salt  deposits. 

Wyoming.  The  state  of  Wyoming  contains  four  areas  of  bedded  salts.  These  are 
the  Green  River  Basin,  the  Powder  River  Basin,  the  Idaho-Utah-Wyoming  border 
area,  and  the  Lusk  Embayment. 

In  the  Green  River  Basin  halite  is  intermixed  with  trona  in  a 
geographical  extent  about  108  mi^.  The  depth  ranges  from  around  600  to 
2250  ft. 
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Along  the  tri-border  area  of  Idaho-Utah-Wyoming  bedded  halite  is 
reported  on  all  sides  of  the  border  region.  Lower  Crow  Creek  and  Tygee  Valley 
report  rock  salt  and  brines  exist.  In  Lower  Crow  Creek  rock  salt  is  found 
6 ft  below  the  surface  and  at  least  20  ft  thick.  In  Tygee  valley  about  125  ft 
below  the  surface  six  rock  salt  beds  totalling  96  ft  thick  are  reported.  On 
the  Utah  side  of  the  border  region  rock  salt  700  ft  thick  is  reported  6000  ft 
below  the  surface. 

The  Powder  River  Basin  in  the  northeastern  quadrant  of  the  state 
is  reported  to  contain  bedded  salts  at  depths  ranging  from  about  6600  ft  to 
over  15,500  ft  with  varying  thicknesses  of  around  90  to  180  ft  in  individual 
beds  about  33  ft  thick. 

The  Lusk  Embayment  is  thought  to  extend  northwestward  from 
Colorado  and  Nebraska.  (Information  regarding  Wyoming's  portion  is  sketchy 
and  there  is  some  doubt  as  to  the  existence  of  Lusk  Embayment  salt  in  Wyoming.) 

Brines  are  associated  with  oil  and  gas  production  within  the 
state.  Non-mixing  layers  of  natural  brines  of  differing  salinities  are  known. 

In  the  northeastern  quadrant  of  the  state,  bentonite  mines  exist 
with  some  adjacent  to  the  South  Dakota  salts  of  the  Williston  basin. 

Conmonwealth  of  Puerto  Rico.  Information  regarding  the  availability  of  salts 
in  the  Commonwealth  of  Puerto  Rico  was  not  obtainable.  The  coastal  areas  of 
Puerto  Rico  may  present  opportunities  for  the  evaporation  of  seawater  for 
power  generation  pond  applications. 
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2.2  METEOROLOGICAL  AND  HYDROGEOLOGICAL  CONDITIONS 

2.2.1  Ambient  Temperature 

Annual  average  temperature  in  the  United  States  is  charted  in 
Figure  2-8.  Curves  superimposed  on  the  map  are  isopleths  of  average 
temperature.  (For  monthly  average  temperatures  charted  on  similar  maps,  see 
Appendix  G,  Figures  G-l  to  G-12.) 

Average  air  temperature  in  the  central  and  eastern  United  States 
varies  principally  with  the  latitude.  Air  temperatures  in  the  western  states 
are  influenced  by  the  local  geography  of  seacoast,  mountains  and  desert. 
Monthly  average  temperature  varies  in  an  annual  cycle,  with  the  minimum  in 
January  when  average  temperature  ranges  from  less  than  5°F  in  the  North  to 
over  60°F  in  the  South.  The  maximum  of  the  temperature  cycle  occurs  in  July 
in  the  North,  with  temperatures  above  70°F,  and  in  August  in  the  South, 
above  85°F.  The  net  annual  swing  of  the  temperature  cycle  (based  on  monthly 
average  temperatures)  ranges  from  25°F  in  the  South  to  6S°F  in  the  North. 

Hawaii  and  Puerto  Rico  experience  monthly  average  temperatures  in 
the  70  to  80°F  range  each  month,  with  annual  temperature  swings  on  the  order 
of  10°F. 


The  overall  performance  of  ponds  used  for  heating  will  be  closely 
related  to  average  temperacure,  as  higher  ambient  temperature  will  result  in 
higher  output,  if  other  factors  are  kept  constant. 

To  maintain  a constant  pond  output  year-round,  the  annual 
temperature  swing  should  be  small.  However,  the  annual  temperature  cycle  may 
be  used  to  advantage  in  optimizing  the  design  of  certain  pond  systems,  such  as 
systems  where  susaner  or  fall  heating  is  required.  A pond's  long-term  storage 
design  option  (i.e.,  greater  depth)  may  make  up  for  the  deficiencies 
associated  with  annual  temperature  swing. 

In  contrast,  the  performance  of  ponds  used  for  generating  electric 
power,  where  the  efficiency  is  a function  of  the  temperature  difference 
between  the  surface  and  storage  zones,  is  not  sensitive  to  the  annual  average 
temperature.  However,  the  annual  ambient  temperature  cycle,  coupled  with  the 
annual  insolation  cycle,  can  cause  wide  swings  in  power  plant  efficiency 
during  the  year,  an  important  factor  to  consider  in  the  design  of  a base-load 
electric  power  plant. 

The  potential  freezing  of  the  top  layer  of  a pond  depends  on  the 
ambient  temperature.  The  salinity  of  the  surface  layer  would  lower  its 
freezing  temperature  below  that  of  fresh  water,  but  the  reduced  upper  layer 
turbulence  and  lack  of  natural  convection  in  the  pond  as  compared  with  an 
ordinary  fresh  water  pond  would  enhance  freezing.  Because  energy  is  being 
dram  out  of  a solar  pond,  the  pond  will,  on  the  average,  have  a slightly 
lower  surface  temperature  than  a convecting  pond.  However,  this  effect  would 
be  smaller  in  a pond  whose  surface  is  used  as  a heat  sink,  such  as  one  used  to 
generate  electric  power. 
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2.2.2 


Evaporation 


The  total  annual  evaporation  from  lakes  and  other  open  bodies  of 
water  is  shown  in  Figure  2-9  (see  also  Appendix  G,  Section  2).  The  evaporation 
has  been  determined  by  mass  balance  from  measurements  of  rainfall,  inflow, 
outflow,  and  estimates  of  ground  seepage. 

Evaporation  is  highest  in  the  southwest  desert  region,  as  high  as 
86  in./yr,  decreasing  toward  a minimum  of  20  in./yr  in  the  northeast.  The 
evaporation  isopleths  tend  to  follow  the  same  pattern  as  those  for  insolation 
(Fig.  2-1  and  Appendix  B,  Fig.  B-2  through  B-4).  The  major  fraction  of 
evaporation  occurs  in  the  period  May  to  October  (Appendix  G,  Fig.  G-15),  the 
mean  of  which  is  loosely  correlated  to  the  latitude,  except  along  the  Pacific 
coast,  and  ranges  from  below  66Z  in  the  South  to  above  80%  in  the  North. 

The  evaporation  is  closely  related  to  the  amount  of  makeup  water 
required  for  a pond.  Low  evaporation  is  a desirable  climatic  condition,  but 
is  correlated  with  low  insolation.  Methods  to  suppress  evaporation  from  a 
solar  pond  have  been  investigated. 

A minor  effect  of  lower  evaporation,  whether  natural  or 
artificial,  is  that  the  surface  temperature  will  be  slightly  higher.  The 
slightly  higher  surface  temperature  would  benefit  ponds  used  for  heating,  but 
would  reduce  electric  power  plant  cycle  efficiency  unless  the  storage  layer 
temperature  could  also  be  raised. 


2.2.3  Precipitation 

The  distribution  of  average  annual  total  precipitation  in  the 
United  States  is  shown  in  Figures  2-10  through  2-12.  West  of  100°  longitude, 
annual  precipitation  ranges  from  5 to  20  in.,  except  for  the  desert  areas 
(less  than  5 in.)  and  the  northern  Pacific  coast  (up  to  100  in.).  Moving 
eastward,  there  is  a rapid  increase  in  precipitation.  East  of  93°  longitude, 
the  total  is  35  to  40  in./yr  in  the  North  and  30  to  55  in./yr  in  the  South.  (For 
a state-by-state  annual  average  total  precipitation  see  Appendix  G,  Fig.  G-16.) 

Lines  of  equal  precipitation  do  not  tend  to  run  parallel  to  lines 
of  equal  evaporation  except  in  the  area  of  Kansas-Oklahoma- Texas.  As  a 
result,  the  average  net  water  loss  from  a pond  (i.e.,  evaporation  minus 
precipitation)  will  vary  throughout  the  country.  Throughout  the  East  and 
South,  there  will  be  a net  annual  surplus  in  the  pond  during  a typical  year, 
although  the  major  evapora*  Lon  season  will  not  necessarily  coincide  with  the 
major  rainy  season.  In  many  climates,  it  may  be  necessary  to  use  a variable 
surface  rinsing  rate,  determined  in  part  by  the  rainfall  itself,  to  maintain  a 
pond. 


It  is  conceivable  that  a very  severe  hailstorm  may  disrupt  an 
operating  solar  pond  (Appendix  G,  Fig.  G-17).  In  a typical  hailstorm,  the 
pond  su~face  layer  will  absorb  the  impacts  of  the  hailstones,  which  will  float 
until  they  melt.  Extremely  large  hailstones  might  penetrate  into  the  gradient 
layer  and  cause  some  degree  of  disruption  to  the  gradient. 
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Figure  2-9.  Total  Annual  Evaporation  From  Lakes  and  Other  Open  Bodies  of  Water  in  the  Conterminous  United 
States,  in.  (Source:  U.S.  Dept,  of  Commerce,  1979  ) 
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Snowfall  on  an  unfrosan  pond  will  ba  readily  waited  if  In  avail  quantities. 
However,  a large  quantity  of  snowfall  on  a froaen  pond  will  substantially  re- 
duce the  transmittance  of  solar  radiation  into  a pond  (Appendix  G,  Fig.  C-18). 


2.2.4  Topography 

Major  topographical  features  of  tha  United  Statea  are  shown  in 
Figure  2-13.  Approximately  half  the  area  of  the  lower  48  states  and  Alaska  is 
composed  of  broad,  relatively  flat  plains.  Other  regions  are  alternating 
mountains  and  valleys  or  basins.  No  region  of  the  United  States  is  so 
continuously  mountainous  as  to  preclude  the  consideration  of  pond  construction 
in  the  region  solely  on  the  basis  of  topography.  Topography  is  a 
site-dependent  factor,  to  be  considered  in  any  specific  pond  design. 


2.2.5  Soil 

Soil  conditions  pertinent  to  solar  ponds  are  site-specific.  It  is 
preferable  to  have  clay  or  impermeable  strata  below  the  pond  to  ensure  that 
the  brine  will  not  be  lose  or  pollute  the  surrounding  aquifers.  Clay  for  pond 
liners  is  believed  to  be  locally  available  throughout  most  parts  of  the  United 
States.  Where  sandy  or  silty  soils  characterise  a pond  site,  environmental 
protection  will  require  installation  of  plastic  liners  or  equivalent  ground 
sealers.  Soil  conditions  are  an  important  factor  to  consider  in  siting  a pond. 


2.2.6  Groundwater 

Groundwater  as  a source  of  water  supply  to  solar  ponds  is 
discussed  in  Section  2.1.3.  It  is  preferable  that  the  groundwater  table  be 
sufficiently  far  below  the  pond  bottom  so  that  flowing  groundwater  will  not 
constantly  convect  heat  away  from  a pond.  Where  flowing  groundwater  is  within 
10  ft  of  pond  bottom,  artificial  barriers  may  be  constructed  around  the  pond 
to  divert  groundwater  flow  so  that  a stagnant  groundwater  region  is  created 
directly  beneath  the  pond.  The  depth  of  groundwater  is  a site-specific  factor 
that  is  an  essential  part  of  the  siting  consideration. 


2.2.7  Wind  and  Hurricane 

The  highest  wind  speeds  recorded  at  these  locations  throughout  the 
United  States  are  shown  in  Table  2-15  as  the  "fastest  mile."  The  number  of 
years  of  data  represented  is  shown  in  the  YRS  column.  Over  40Z  of  the 
locations  have  experienced  no  winds  over  70  mph.  Many  locations,  such  as 
Evansville,  Indiana,  have  had  extremely  high  winds  in  only  one  month,  probably 
indicating  that  such  high  winds  are  rare  occurrences  in  those  locations. 

Other  locations,  such  as  New  York  City  and  Colorado  Springs,  Colorado,  show 
very  high  winds  in  several  months,  indicating  that  high  winds  are  a more 
frequent  occurrence.  About  half  the  winds  over  100  mph  were  measured  at 
locationa  along  the  Gulf  of  Mexico  and  the  Atlantic  coast,  and  were  presumably 
hurricanes.  The  annual-average  wind  speed  and  direction  at  specific  locations 
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Table  2-15.  Highest  Wind  Speeds  Recorded  at  Locations  throughout  the  United  States  (cont'd.) 


FASTEST  MILE  AND  DIRECTION  OF  WIND  (cont'd) 


Charts  and  tabulations  based  on 
"Normals,  Means,  and  Extremes" 
tables  in  U.S.  Weather  Bureau 
publication,  Local  Climatological 
Data.  Use  with  caution  because  of 
the  effects  of  local  topography, 
particularly  in  mountainous  terrain 


Direction  indicates  the  direc- 
tion from  which  wind  was  blowing  at 
time  of  fastest  mile. 


Prevailing  means  most  frequently 
observed.  Arrows  fly  with  wind. 
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in  the  conterminous  United  States  are  indicated  in  Figures  2-14.  (For  monthly 
averages,  see  Appendix  G,  Fig.  G-19  to  G-30).  Weather  station  wind  speeds  are 
typically  measured  30  ft  abov  ground.  Average  speeds  are  all  far  below  the 
fastest  mile  speeds. 

Wind  is  a significant  factor  in  the  performance  of  solar  ponds.  A 
major  wind  disturbance  to  the  surface  may  damage  the  salinity  gradient.  As 
with  other  structures,  local  winds  must  be  accounted  for  in  the  planning  and 
design  phases.  Techniques  for  maintaining  pond  integrity  under  windy  condi- 
tions have  been  investigated.  Floating  wave  suppression  networks  have  been 
demonstrated  to  maintain  the  pond  strata  in  winds  up  to  70  mph. 

A second-order  effect  of  wind  is  the  increased  cooling  of  the  pond 
surface  in  windy  conditions.  As  wind  speed  increases,  the  surface  temperature 
approaches  the  wet  bulb  temperature  due  to  increased  evaporation  and  convective 
heat  transfer. 

The  distribution  of  hurricanes  along  the  Gulf  coast  is  diagrammed 
in  Figure  2-13,  a summary  of  39  years  of  data.  Each  lateral  segment  shown  in 
the  figure  is  approximately  110  mi  wide  at  the  coastline.  Except  for  south 
Texas,  a hurricane  has  passed  through  each  segment  on  the  average  every  2 to  3 
years.  Areas  of  extreme  hurricane  winds  and  significant  property  damage  are 
usually  more  localized  than  the  110-mi-wide  segments. 

Local  adaptation  to  avoid  damage  from  high  winds  is  shown  in 
Figure  2-16,  taken  from  the  1979  Uniform  Building  Code.  Buildings  in  the 
western  United  States  must  withstand  a 20  lb/ft?  wind  force  at  the  30-ft 
level.  In  the  central  states,  the  requirement  is  increased  to  30  lb/ft^, 
and  requirements  up  to  30  lb/ft^  are  in  force  along  the  Gulf  and  Atlantic 
coasts,  areas  of  maximum  hurricane  damage. 


2.2.8  Seisnuc  Activity 

The  estimated  risk  of  seismic  activity  in  the  United  States  is 
mapped  in  Figures  2-17  to  2-19.  Parts  of  the  Deep  South  and  Texas,  noted  for 
their  extremely  stable  geological  features,  are  considered  to  offer  no  risk  of 
seismic  damage.  The  risk  increases  to  a maximum  in  parts  of  California, 

Nevada,  and  Alaska,  where  seismic  activity  is  commonplace.  Even  in  the  highest 
risk  region,  major  earth  movement  and/or  substantial  property  damage  at  any 
given  locality  is  an  extremely  rare  occurrence  (Appendix  G,  Fig.  G-31). 

Pond  design  and  siting  must  take  into  account  the  risk  of  seismic 
activity,  however  remote,  in  order  to  protect  nearby  people,  property,  water 
supplies,  and  the  ponds  themselves. 


2.2.9  Humidity 

Annual  average  relative  humidity  is  shown  in  Figure  2-20,  with 
isopleths  of  percent  relative  humidity  superimposed  on  the  maps.  (For  monthly 
average,  see  Appendix  G,  Fig.  G-32  through  43.)  Annual  average  humidity  in 
ess  and  east-central  United  States  range  from  70  to  80X,  and  in 


2-61 


.ND  MEAN  SPEED  (M.P.H.)  OF 
ANNUAL  — - 


PREVAILING  DIRECTION 


NOTE: 

Arrows  fly  with  wind 


Average  Annual  Wind  Speed  (nph)  and  Direc 
(Source : U.S.  Department  of  Commerce,  19 


sr 

» 

ORIGINAL  PAGL  IS 
OF  POOR  QUALITY 


Figure  2-15.  Distribution  of  Hurricanes  Along  the  Gulf  Coast  (Source:  Carr,  1967) 
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Figure  2-16.  Local  Adaptation  to  Avoid  Damage  From  High  Winds  (Source:  1979  Uniform  Building  Code) 


SEISMIC  RISK  MAP  OF  THE  UNITED  STATES 

ZONE  0 No  damogo 

ZONE  1 ■ Minor  damaga.  distant  aarthquakat  may 

uaa  damaga  to  structures  with  fundamental 
partodi  graatar  than  1 0 tacond.  corresponds 
to  intensities  V and  VI  of  the  M M Scale 
ZONE  2 Moderate  damaga.  corresponds  to  Intanaity  VII  ol  tha 
M M Scala 

ZONE  3 Ma|or  damaga.  corraaponda  to  intanaity  VIII  and  hiqhar 

o!  tha  MM  Scala 

ZONE  4 Thosa  araaa  within  Zona  No  3 datarminad  by  tha  proiimity 
to  carlain  major  lau’t  ayalama 

Modified  Mar calll  Intanaity  Scala  o«  1931 


Estimated  Risk  of  Seismic  Activity  in  the  Conterminous  States 
(Source:  1979  Uniform  Buildine  Code) 
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2-18.  Estimated  Risk  of  Seismic  Activity:  Alaska  (Source: 

Uniform  Building  Code) 


Figure  2-19.  Estimated  Risk  of  Seismic  Activity: 
Uniform  Building  Code) 


Hawaii  (Source 


MEAN  RELATIVE  HUMIDITY  (%) , ANNUAL 


Figure  2-20.  Annual  Average  Relative  Humidity,  % (Source:  U.S.  Department  of  Commerce,  1979  ) 
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west-central  between  60  and  70%.  In  the  western  atates,  humidity  between  40 
and  60S  ia  shown,  except  for  the  southweatern  deserta,  ranging  from  20  to  40%. 
In  Alaska,  annual  average  humidity  rangea  from  70  to  80%  year  around,  except 
for  the  coaatal  area,  where  90%  average  humidities  are  recorded  during  the 
suomier.  On  the  whole,  relative  humidity  is  not  a function  of  the  time  of 
year.  The  annual  awing  in  humidity  ranges  from  10%  in  the  East  to  20%  in  the 
deserta. 


Relative  humidity  ia  a major  factor  in  the  rate  of  evaporation. 

The  direct  effecta  of  humidity  are  of  aecond-order  importance.  In  very  humid 
conditions,  with  ambient  temperature  above  pond  surface  temperature,  signifi- 
cant condensation  (dew)  may  occur  at  the  pond  surface,  slightly  heating  the 
pond.  Radiative  heat  loss  from  the  pond  surface  is  reduced  when  atmospheric 
moisture  increases.  High  humidity,  especially  at  high  ambient  temperatures, 
would  reduce  both  evaporation  and  radiation. 


SECTION  3 


REGIONAL  CHARACTERISTICS  OF  SOLAR  PONDS 


3.1  DEFINITION  OF  GEOGRAPHIC  REGIONS 

3.1.1  Rationale  and  Criteria 

The  availability  of  the  four  natural  resources  (sunshine,  land, 
water  and  salts)  that  are  essential  to  a solar  pond  varies  from  one  locale  to 
another,  as  Is  evident  from  Section  2.1.  The  physical  parameters  that  affect 
a pond's  operation  and  performance  also  charge  with  location  and  time,  as 
discussed  In  Section  2.2.  However,  a site-by-slte  evaluation  of  solar  pond 
applicability  and  potential  is  too  detailed  and  would  not  comprehensively  cover 
the  entire  United  States  within  the  specified  scope  of  the  present  study.  A 
regional- level  evaluation  thus  becomes  a logical  approach.  Upon  examination 
of  the  requisite  natural  resources  and  pertinent  physical  parameters  (Section 
2),  It  appears  that  the  patterns  of  variation  for  many  of  the  technical  factors 
can  generally  be  discerned  on  a regional  basis.  Consequently,  It  is  useful  to 
delineate  regions  of  similar  characteristics  as  concerns  solar  ponds.  A 
regional  study  will  encompass  the  entire  United  States  and  the  various  major 
market  sectors  while  ignoring  the  finer  local  variaices*  To  guide  the  defini- 
tion of  regions,  a number  of  criteria  were  utilized: 

(1)  The  number  of  regions  defined  must  be  small  enough  to  be 
manageable,  and  large  enough  to  capture  the  significant 
details.  Preferably,  there  should  be  10  to  20  regions. 

(2)  Defined  regions  should  display  similar  pond-related  character- 
istics within  the  region.  Different  regions  should  reflect 
either  different  degrees  of  availability  of  the  four  essential 
natural  resources,  or  differences  in  the  physical  parameters 
that  affect  solar  pond  performance. 

(3)  Region  boundaries  should  follow  state  boundaries  as  much  as 
possible,  for  information-handling  and  other  conveniences. 
Where  region  boundaries  must  cut  through  states,  simple 
straight  boundaries  are  preferred. 


3.1.2  Defined  Regions  and  General  Features 

Insolation  level,  water,  and  salts  availability  are  the  primary 
factors  considered  in  defining  the  regions.  Temperature  distribution  is  also 
considered,  but  in  a lesser  role.  Patterns  for  precipitation  and  relative 
humidity  appear  to  be  similar  and  are  reflected  in  water  availability.  The 
pattern  for  evaporation  agrees  roughly  with  that  for  insolation,  so  evaporation 
is  not  considered  independently.  The  availability  of  land,  land  cost,  topo 
graphy,  ground— water  depth  and  soil  conditions  are  site— spec i fic  and  thus  .ire 
not  included  in  the  region  definition.  Secondary  factors,  including  seismic 
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activity,  wind  velocity,  and  hurricane  and  tornado  occurrences,  were  not 
considered  in  the  region  definition,  but  they  can  significantly  influence  pond 
design  and  performance  and  should  not  be  neglected  In  any  specific  pond  design* 

Based  on  the  above  criteria  and  considerations,  the  United  States 
was  divided  into  12  regions*  The  regions  and  the  states  (or  territory)  which 
they  cover  are  tabulated  in  Table  3-1  and  mapped  in  Figure  3-1*  Several 
features  about  these  regions  are  noteworthy: 

(1)  The  nine  regions  within  the  conterminous  United  States  can  be 
grouped  to  approximately  follow  the  insolation  contours  in 
the  following  manner  (Fig*  3-1): 

Highest  insolation:  the  Southwest  region 

High  insolation:  the  Pacific  Northwest,  Black  Hills, 

Great  Lakes,  Tennessee  Valley  and  Gulf 
Coast  regions 

Low  insolation:  the  Atlantic  Northeast  region 

(2)  The  Alaska,  Hawaii,  and  Puerto  Rico  regions  are  separate 
regions  because  of  their  distinct  geographic  locations* 

(3)  The  regions  west  of  the  Black  Hills  and  Red  River  regions 
inclusive  tend  to  suffer  from  water  shortage,  while  those 
east  of  these  two  regions  generally  have  an  abundance  of 
water.  (See  Fig.  2-5  and  2-10  through  2-12  for  maps  on 
precipitation  and  surface-water  runoff.) 

(4)  Natural  salts  (in  the  form  of  rock-salt  deposits  or  paline 
surface  water)  are  available  In  the  Gulf  Coast,  Red  River, 
Southwest,  Salt  Lake  and  Black  Hills  regions  in  relatively 
large  quantities.  (See  Fig.  2-7  and  F-l  for  maos  on 
rock-salt  deposits  and  saline  surface  water,  respectively*) 

(5)  High  temperature  prevails  in  the  Gulf  Coast  region  and  the 
southern  halves  of  the  Southwest  and  Red  River  regions.  The 
region  boundaries  running  east-west  roughly  parallel  the 
temperature  contours.  (See  Fig.  2-8  for  temperature  maps.) 

(6)  All  region  boundaries  coincide  with  state  boundaries  except 
in  California  and  Nevada  where  insolation  contours  cut  across 
the  states.  Expedient  straight  region  boundaries  are  drawn 
placing  the  northern  halves  of  California  and  Nevada  In  the 
Salt  Lake  region  and  southern  halves  of  these  states  in  the 
Southwest  region. 

(7)  The  regions  were  assigned  easily  recognizable  names.  The 
name?  Salt  Lake,  Red  River  and  Tennessee  Valley  are 
geographically  less  encompassing,  but  refer  to  the  potential 
solar  pend  developments  in  the  Great  Salt  Lake,  Red  River  and 
Tennessee  Valley  areas. 
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Table  3-1.  Solar  Poud  Regions 


Region 

State/Territory 

Alaska 

Alaska 

Atlantic  Northeast 

Connecticut 

Maine 

Massachusetts 
New  Hampshire 
New  Jersey 
New  York 
Pennsylvania 
Rhode  Island 
Vermont 

Black  Hills 

Montana 
Nebraska 
North  Dakota 
South  Dakota 
Wyoming 

Great  Lakes 

Illinois 

Indiana 

Iowa 

Michigan 

Minnesota 

Ohio 

Wisconsin 

Gulf  Coast 

Alabama 

Florida 

Georgia 

Louisiana 

Mississippi 

South  Carolina 

Hawaii 

Hawaii 

Pacific  Northwest 

Idaho 

Oregon 

Washington 

Puerto  Rico 

Puerto  Rico 

Red  River 

Kansas 

Oklahoma 

Texas 
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Tabic  3-1.  (Cont'd) 


Region 

State/Territory 

salt  Lake 

California  (northern) 
Colorado 

Nevada  (northern) 

Utah 

Southwest 

Arizona 

California  (southern) 
Nevada  (southern) 

New  Mexico 

Tennessee  Valley 

Arkansas 

Delaware 

Kentucky 

Maryland 

Missouri 

North  Carolina 

Tennessee 

Virginia 
West  Virginia 

Note  that  regions  have  also  been  defined  for  many  other  purposes 
resulting  in  such  diverse  classifications  as  "Census  Regions,"  "Water 
Resources  Regions,"  etc.  The  solar  pond  regions  defined  here  do  not  share 
common  features  with  most  of  these.  However,  they  appear  to  correspond 
closely  to  the  "solar  climates  map"  generated  by  Willmott  <ind  Vernon  (1980) 
baaed  on  rather  elaborate  climatological  analysis. 


3.2  REGIONAL  THERMAL  AND  ELECTRICAL  ENERGY  OUTPUT  FROM  SOLAR  PONDS 

3.2.1  Brief  Description  of  the  JPL  Solar  Pond  Performance  Model 

The  JPL  solar  pond  computer  code  is  a design  tool  that  calculates 
pond  thermal  performance  for  a giver  set  of  specified  design  and  operating 
conditions.  The  code  is  based  on  a finite-difference  solution  of  the 
one-dimensional  heat  conduction  equation  with  a source  term  representing 
absorption  of  insolation  as  a function  of  depth.  The  code  is  applicable  to 
large  ponds  (larger  than  a few  acres)  where  edge  effects  are  assumed  to  be 
insignificant. 

The  specified  design  parameters  (code  input)  include: 

(1)  Depth  of  the  upper  convecting  zone,  middle  nonconvecting  zone 
and  lower  convecting  zone. 
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Ft  sure  3-1.  Regions 


Defined  for  the  Evaluation  of  Solar  Pond  Applicability  and  Potential 


(2)  Surface  area. 

(3)  Monthly  values  for  total  insolation  and  ambient  temperature. 

(4)  Site  latitude. 

(3)  Water  optical  data  in  terms  of  transmittance  of  insolation  as 
a function  of  salinity  and  wavelength. 

(6)  Upper  convecting  and  lower  convecting  rone  salinity. 

The  specified  operating  conditions  include  either  (1)  a lower 
convecting  rone  temperature  for  constant  temperature  thermal  extraction,  (2) 
an  annual  temperature  profile  for  the  lower  convecting  rone,  or  (3)  monthly 
thermal  loads  and  a minimum  extraction  temperature. 

Outputs  from  the  code  include  a history  (from  start  of  pond 
warm-up)  of  pond  temperature  as  a function  of  depth,  and  the  rate  of  thermal 
energy  output  and,  if  desired,  the  gross  and  net  rates  of  electrical  power 
generation  from  a heat  engine  operating  at  64%  of  Carnot  efficiency.  The 
parasitic  power  requirement  is  22. 8%  of  the  gross  electrical  power  output. 

The  pond  model  considers  four  zones.  The  upper  convecting  zone 
(UCZ)  is  a surface  layer  from  0.13  to  0.23  m thick.  The  middle  nonconvecting 
zone  (MNZ),  characterized  by  the  presence  of  vertical  salinity,  density,  and 
temperature  gradients,  is  typically  0.80  to  1.30  m thick  and  provides  thermal 
insulation  for  the  lower  convecting  zone  (LCZ),  where  solar  energy  is 
collected  and  stored.  The  LCZ  is  typically  1.00  to  3.30  m thick.  The  ground 
(GRD)  serves  to  increase  the  thermal  capacity  of  the  pond. 

The  UCZ  and  LCZ  are  modeled  as  isothermal  and  the  temperature  of 
the  MNZ  and  GRD  is  computed  as  a function  of  both  time  and  depth.  The 
temperature  in  the  UCZ  is  equated  to  the  ambient  temperature.  The  lateral 
temperature  variance  in  all  zones  is  considered  to  be  negligible  and  thermal 
losses  through  the  pond  perimeter  are  ignored.  This  approximation  appears 
reasonable  for  large-scale  ponds.  (For  further  details  concerning  the  model 
and  a comparison  of  simulation  results  from  the  JPL  and  other  models,  see 
Appendix  H.) 


3.2.2  Basis  of  Regional  Performance  Estimates  and  Comparison 

Solar  pond  thermal  and  electrical  power  performance  was  estimated 
for  one  site  in  each  of  the  12  regions  defined  in  Section  3.1.  A geo- 
graphically centralized  site  was  chosen  in  each  region  so  that  the  site 
performance  estimates  may  be  regarded  as  representative  of  those  within  the 
region  (Table  3-2).  When  interpreting  the  representative  site  estimates, 
however,  note  that  performance  can  vary  considerably  within  a given  region. 

Annual -average  rates  of  thermal  or  electrical  output  vary  as 
functions  of  design  and  operating  specifications.  To  provide  an  equitable 
basis  for  comparing  regional  pond  performances,  one  common  set  of  design  and 
operating  specifications  was  chosen  for  all  sites. 
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Region 

Site 

Latitude 

Longitude 

Annual-average 
Asibient  Tesip 

°c 

Annua 1 -average 
Total  Insolation 
W/s^ 

Southwest 

Daggett,  Calif. 

34°52’N 

1 1 7 °4 ] 'W 

19.1 

243 

Salt  Lake 

Salt  Lake  City,  Utah 

40°46  ' 

lll056' 

10.6 

211 

Red  River 

Forth  Worth,  Tex. 

32°50 1 

97°03 

18.6 

194 

Pacific  Northwest 

Pendleton,  Oreg. 

4 3°41 ' 

118°51 ' 

11.3 

165 

Black  Hills 

Huron,  S.  Dak. 

44°23 ' 

98°13  * 

7.1 

168 

Great  Lakes 

Madison,  Wis. 

43°08 ' 

89°20 ' 

7.2 

157 

Tennessee  Valley 

Memphis,  Tenn. 

35°13  ' 

89059 « 

16.4 

180 

Gulf  Coast 

Jackson,  Miss. 

32019' 

90°05 ’ 

18.3 

186 

Atlantic  Northeast 

Albany,  N.Y. 

42°45 ' 

73°48 1 

8.7 

140 

Alaska 

Fairbanks,  Alaska 

64°49 ' 

147052’ 

-3.5 

101 

Hawaii 

Honolulu,  Hawaii 

2 1°20 ' 

157°55' 

24.8 

216 

Puerto  Rico 

San  Juan,  P.R. 

18°26  1 

66°00 ’ 

25.9 

216 

aData  fron  Appendix  B,  Section  2 


The  upper  convecting  zone,  middle  nonconvectlng  zone  and  lower 
con vec ting  zone  thicknesses  were  set  at  0.25  m,  1.30  m and  3.00  m, 
respectively.  These  values  represented  reasonable  choices  for  a typical 
deep  pond.  The  lower  convecting  zone  and  upper  convecting  zone  salinities 
were  set  at  0.03  and  0.22  weight  fraction,  respectively. 

Optical  properties  of  water  generally  vary  considerably  from  site 
to  site.  The  regional  performance  calculations  were  based  on  water  clarity 
equivalent  to  that  of  Salton  Sea  water  that  has  been  clarified  by  treatment 
with  activated  carbon.  Thermal  properties  of  water  and  ground  can  also  vary 
considerably  from  site  to  site.  The  calculations  assume  that  the  thermal 
capacitance  of  the  ground  Is  equivalent  to  that  of  saline  water  at  the 
salinity  of  the  lower  convecting  zone.  The  thermal  conductivity  of  the  ground 
is  approximated  by  three  times  the  value  for  saline  water.  These  values 
appear  reasonable  in  comparison  to  the  data  available  for  different  earth 
types. 


The  model  allows  for  a thin,  opaque  Ice  cover  to  form  when  the 
average  daily  ambient  temperature  falls  below  -6°C.  This  condltton  applies 
to  Huron,  Madison,  and  Fairbanks. 

The  energy  extraction  was  performed  for  all  sites  when  the  pond 
storage  zone  temperature  reached  45  or  60<>C  for  a thermal  application,  and 
75  or  85°C  In  the  case  of  electric  power  production.  Because  load- 
matching extraction  for  different  applications  generally  will  require  varying 
extraction  temperatures,  this  mode  does  not  represent  all  applications,  but 
most  closely  simulates  the  performance  of  a summer  or  fall-peakinR  pond,  and 
is  suitable  for  such  applications  as  crop  drying  and  summer-peaking  electric 
power  generation.  However,  it  appears  to  be  appropriate  for  providing  a 
common  basts  for  comparing  pond  performance  in  the  12  defined  regions.  It 
must  be  recognized  that,  In  actual  practice,  the  pond  system  design  will  be 
optimized  and  the  optimization  will  Include  establishing  an  energy  extraction 
schedule  which  best  suits  the  application  under  consideration. 


3.2.3  Thermal  Energy  Output 

Performance  estimates  for  solar  pond  thermal  energy  output  at  the 
12  sites  are  given  In  Table  3-3,  along  with  the  parasitic  power  requirement 
for  brine  pumping  and  gradient  maintenance. 

The  45  and  60°C  extraction  temperatures  represent  typical  pond 
temperatures  for  low  temperature  thermal  applications.  System  design  should 
account  for  a temperature  drop  across  the  heat  exchanger  of  about  5 or  6°C. 

As  shown,  the  thermal  ovitput  is  a strong  function  of  climatic 
conditions  (especially  insolation),  ranging  from  6.9  Wt/m2  in  Fairbanks  to 
73.1  Wt/m  in  Daggett  at  an  extraction  temperature  of  45°C,  and  from 
0.0  Wt/m4-  in  Fairbanks  to  63.2  Wt/m2  in  Daggett  at  60°C. 

The  output  figures  in  Table  3-3  are  for  the  fourth  year  of  pond 
operation,  when  operating  conditions  approach  the  steady  state.  Output 
estimates  for  later  years  may  be  slightly  higher,  but  not  appreciably. 
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Although  the  estimates  in  Table  3-3  constitute  a reasonable  coonon  basis  for 
regional  comparison,  site-specific  analysis  must  be  performed  for  an  actual 
application  design. 

Note  that  thermal  energy  output  calculations  as  presented  in  Table 
3-3  imply  higher  thermal  efficiencies  (20  to  27Z  for  the  high-insolation 
regions  at  a heat  extraction  temperature  of  60°C)  than  experience  with 
existing  ponds  to  date  would  indicate.  Because  energy  output  estimates  will 
play  an  important  role  in  subsequent  economic  analysis,  both  the  computer 
calculations  and  existing  pond  data  were  closely  examined.  It  was  determined 
that: 

(1)  The  thermal  efficiency  of  a solar  pond  is  affected  by  a 

number  of  factors:  the  pond  size  (smaller  ponds  have  higher 

heat  losses  through  the  sides);  how  closely  the  operating 
conditions  have  approached  steady-state  (e.g.,  the 
fourth-year  output  is  expected  to  be  significantly  higher 
than  the  first-year  output);  the  value  of  thermal 
conductivity  of  the  surrounding  ground;  the  specified 
heat-extraction  temperature  (higher  extraction  temperatures 
lead  to  lower  thermal  efficiencies;  see  Tables  3-3  and  3-4); 
heat  extraction  pattern;  optical  properties  of  brine; 
thicknesses  of  the  surface,  gradient  and  storage  zones; 
salinity  profiles;  climatic  conditions;  etc. 

(2)  Simulation  results  from  the  JPL  pond  model  have  been  shown  to 
be  in  reasonable  agreement  with  those  obtained  independently 
from  the  Ormat  and  SERI  models  (see  Appendix  H,  Tables  H-2 
through  H-4).  While  extensive  validation  of  these  three 
models  is  yet  to  be  conducted,  judging  from  results  of 
preliminary  validations  and  the  reasonable  agreement 
demonstrated  among  the  three  models,  it  is  believed  that  the 
JrL  model  is  valid  when  used  to  predict  the  performance  of 
relatively  large  ponds  (i.e.,  1 acre  or  larger). 

(3)  Assumptions  on  the  various  parameters  that  were  made  for 
calculating  regional  pond  e.tergy  output  (see  Section  3.2.2) 
were  scrutinized.  Compared  with  performance  data  from  the 
existing  ponds,  these  assumptions  appear  reasonable  and 
justifiable . 

(4)  All  of  the  existing  ponds  in  the  United  States  are  small  (no 
larger  than  1/2  acre).  Except  for  the  newly  constructed 
ones,  most  have  not  been  operated  with  the  objective  of 
maximizing  energy  output  in  mind.  Actual  thermal  efficiency 
data  from  these  ponds  are  sketchy  and  indicate  low  thermal 
efficiencies,  i.e.,  well  below  15X  (see  the  survey  reported 
by  Lin,  1982).  Large  edge  heat  losses  and  non-optimal  heat 
extraction  are  recognized  to  contribute  to  the  low  efficien- 
cies. Future  heat  balance  data  are  expected  to  yield  higher 
efficiency  values.  Furthermore,  data  from  the  first-year 
operation  of  the  Ein  Bokek  pond,  Israel,  show  a maximum 
thermal  efficiency  of  19. 4X  during  a week  in  July  1980.  (See 
the  survey  reported  by  Lin,  1982.)  Considering  that  the  heat 
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extraction  temperature  In  this  case  was  well  over  bS°C  and 
that  operating  conditions  of  the  pond  were  far  from  reaching 
steady  state,  future  efficiency  data  could  turn  out  to  be 
substantially  higher  than  20%,  particularly  if  heat  extraction 
were  to  be  performed  at  a lower  temperature  (60°C)t  as  would 
be  the  case  for  thermal  applications. 

Based  on  the  above  considerations,  it  is  concluded  that  using  the 
calculated  pond  energy  output  (as  tabulated  in  Tables  3-3  and  3-4)  as  a basis 
for  regional  assessment  of  solar  pond  applicability  and  potential  is  reasonable 
and  justifiable.  In  the  absence  of  an  adequate  data  base  for  solar  ponds' 
thermal  efficiencies,  the  calculated  values  provide  the  best  energy  output 
estimates  that  are  consistent  and  suitable  for  an  equitable  regional  comparison. 


3.2.4  Electrical  Power  Output 

Performance  estimates  for  electrical  power  generation  at  the  12 
sites  are  given  in  Table  3-4.  Thermal  energy  was  extracted  from  the  ponds  at 
constant  temperatures  of  85  and  75°C.  The  former  temperature  is  the  design 
point  assumed  by  Ormat  for  the  Sal  ton  Sea  Solar  Pond.  Because  of  the  specified 
constant-temperature  extraction  criterion,  electrical  output  is  zero  for  at 
least  part  of  the  year  at  all  sites  except  Daggett,  Honolulu,  and  San  Juan  at 
an  extraction  temperature  of  75°C,  and  for  all  sites  except  Honolulu  and  San 
Juan  at  85°C. 

Note  that  for  Daggett,  Honolulu,  and  San  Juan  the  annual-average 
rate  of  power  production  is  greater  at  85°C  than  at  75°C,  whereas  the 
reverse  is  true  for  the  remaining  sites.  This  is  the  result  of  the  trade-off 
between  two  competing  factors.  As  the  extraction  temperature  is  raised,  the 
thermal-to-electric  conversion  efficiency  is  increased,  but  both  the  pond 
thermal  efficiency  ard  the  plant  capacity  factor  are  reduced.  For  the  sites 
with  higher  insolation,  such  as  Daggett,  Honolulu  and  San  Juan,  the  gain  in 
the  former  is  more  than  enough  to  offset  the  loss  in  the  latter.  But  for  the 
sites  with  lower  insolation,  the  effect  of  the  reduction  In  the  latter  is  more 
pronounced.  Because  an  optimized  plant  design  can  reasonably  be  expected  to 
produce  higher  electrical  energy  than  indicated  by  either  column  of  Table  3-4, 
the  higher  output  figures  from  the  two  columns  are  recommended. 


Table 

3-3.  Regional  Estimates  of 

Thermal  Energy  Output 

from  Solar 

Ponds8 

60°C  Heat  Extraction 

45°C 

Heat  Extraction 

Region 

Site 

Thermal 

Parasitic  Powerb 

Thermal 

Parasitic  Power** 

Output 

Wt-h/m2 

We/m2 

Output 

Wth/n>2 

We/m2 

Southwest 

Daggett,  Calif. 

63.2 

0.47 

73.1 

0.54 

Salt  Lake 

Salt  Lake  City,  Utah 

46.2 

0.35 

55.9 

0.42 

Red  River 

Fort  Worth,  Tex. 

45.3 

0.35 

55.2 

0.42 

Pacific  Northwest 

Pendleton,  Oreg. 

31.9 

0.25 

41.1 

0.32 

Black  Hills 

Huron,  S.  Dak. 

25.3 

0.21 

34.1 

0.27 

Great  Lakes 

Madison,  Wis. 

22.3 

0.19 

31.1 

0.25 

Tennessee  Valley 

Memphis,  Tenn. 

38.6 

0.30 

48.4 

0.37 

Culf  Coast 

Jackson,  Miss. 

41.9 

0.32 

51.8 

0.39 

Atlantic  Northeast 

Albany,  N.Y. 

20.0 

0.17 

29.0 

0.23 

Alaska 

Fairbanks,  Alaska 

0.0 

0.03 

6.9 

0.08 

Hawaii 

Honolulu,  Hawaii 

57.9 

0.44 

67.8 

0.50 

Puerto  Rico 

San  Juan,  P.R. 

58.7 

0.44 

68.6 

0.51 

aThermal  output  during  fourth  year  of  solar  pond  operation.  For  a detailed  discussion  on  thermal 
efficiency  see  Section  3.2.3. 


**The  parasitic  power  is  for  water  make-up  (ca.  0.025  We/m2),  surface  flushing  (ca.  0.005  We/m2), 
brine  supply  (ca.  0.001  We/m2),  and  for  circulating  the  hot  brine  (approximated  as  0.360  x heat 
out/54.46  We/m2). 
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Table  3-4.  Regional  Estimates  of  Electric  Power  Output  from  Solar  Ponds 


Region 

Site 

Net  Electrical  Power  Output 
Heat  Extraction  at: 

75°C 

(We/m2)a 

85°C 

Southwest 

Daggett,  Calif. 

2.98 

3.11 

Salt  Lake 

Salt  Lake  City,  Utah 

2.31 

2.25 

Red  River 

Fort  Worth,  Tex. 

1.94 

1.87 

Pacific  Northwest 

Pendleton,  Oreg. 

1.43 

1.25 

Black  Hills 

Huron,  S.  Dak. 

1.01 

0.79 

Great  Lakes 

Madison,  Wls. 

0.84 

0.58 

Tennessee  Valley 

Memph i s , Tenn . 

1.61 

1.49 

Gulf  Coast 

Jackson,  Miss. 

1.80 

1.69 

Atlantic  Northeast 

Albany,  N.Y. 

0.68 

0.39 

Alaska 

Fairbanks,  Alaska 

0.00 

0.00 

Hawaii 

Honolulu,  Hawaii 

2.60 

2.71 

Puerto  Rico 

San  Juan,  P.R. 

2.58 

2.72 

aPower  generation  during  fourth  year  of  operation.  The  calculations  lump  the  small  parasitic  load 
(ca.  0.03  We/m2)  for  surface  flushing,  water  make-up  and  brine  make-up  with  the  much  larger 
parasitic  loads  for  power  cycle  pumping.  That  is,  all  parasitic  loads  are  assumed  proportional  to 
the  rate  of  power  plant  electrical  output. 
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SECTION  4 

SOLAR  POND  SYSTEM  DESIGN  CASE  STUDIES 


4.1  POND  SUBSYSTEM 

4.1.1  Description  of  Study  Cases 

Solar  pond  design  is  influenced  by  a number  of  factors,  chief 
among  which  are  insolation  level,  water  transparency,  energy  extraction  mode 
(base-load  or  peaking  operation,  delivery  temperatures,  flow  rates,  etc.),  and 
local  climatic  conditions.  The  performance  of  a pond  is  a function  of  both 
the  geographic  region  and  the  characteristics  of  the  specific  application. 

Twenty-four  application  cases  were  selected,  for  which  Ormat 
Turbines,  Ltd.  of  Israel,  under  a subcontract  with  JPL,  conducted  studies  to 
determine  solar  pond  design  and  performance  parameters.  The  study  cases  were 
intended  to  provide  information  on  the  application  of  solar  ponds  to 
residential  space  and  water  heating,  certain  agricultural  and  industrial 
process  heating,  and  electric  power  generation,  in  n manner  that  allows 
regional  comparison  of  pond  sizing  and  performance.  Results  of  these  case 
studies  are  also  expected  to  provide  pond  designers/users  with  some  reference 
cases  which  may  serve  as  a guide  for  future  work. 

The  24  selected  cases  are  listed  in  Table  4-1.  Cases  1 through  10 
deal  with  space  and  water  heating  in  10  different  regions  for  a 120,000-ft^ 
low-rise  apartment  complex.  The  Puerto  Rico  and  Hawaii  regions  are  precluded 
from  the  space  heating  application  study  because  of  their  warm  winter  climate. 

Monthly  energy  requirements  for  Cases  1 through  10  are  tabulated 
in  Tables  4-2  through  4-11.  The  apartment  space  heating  energy  requirement 
profiles  for  these  cases  were  essentially  based  on  a 1974  General  Electric 
report  (NSF-RA-N-74-021C).  The  domestic  water  heating  energy  needs  were  based 
on  typical  average  household  consumption  (80  gal/day)  adjusted  for  the  size  of 
the  apartment  complex. 

Hot  water  for  household  use  requires  a temperature  from  120  to 
140°F.  Hot  water  for  sanitary  purposes  such  as  in  hospitals  and  cafeterias 
requires  a temperature  of  180°F.  Conventionally,  hot  air  circulation  for 
space  heating  requires  a temperature  of  from  90  to  120°F  depending  on  the 
heating  system  design  and  air  circulation  distance.  In  addition,  a 10  to 
20°f  temperature  drop  must  be  allowed  across  a heat  exchanger  if  it  is 
utilized  in  the  heating  system. 

Water  heating  for  a representative  poultry  dressing  plant  in  six 
different  regions  is  addressed  in  Cases  11,  12,  and  18  through  21.  The 
heating  requirement  is  constant  throughout  the  year  at  the  rate  of 
2275  MBtu/month.  A 10  to  20°F  temperature  drop  across  the  brine-freshwater 
heat  exchanger  was  allowed.  The  inlet  temperature  of  the  process  water  was 
specified  to  be  60°F,  and  the  delivery  temperature  was  to  be  chosen  from 
among  140°,  130°  and  120°F  constant  throughout  the  year.  These  cases  will 
serve  as  examples  of  constant-load  pond  operation  which  is  characteristic  of 
many  industrial  process  heating  applications. 


4-1 


[ 

i 

6. 

Table  4-1.  Summary  of  Pond-Subsystem  Design  Study  Cases 

ff  j 

Case  No. 

Application  and  Region 

r 

Apartment  space  and  water  heating,  Atlantic  Northeast  Region 

! 

Apartment  space  and  water  heating,  Tennessee  Valley  Region 

, ; 

i 

Apartment  space  and  water  heating,  Gulf  Coast  Region 

'C 

■V  4 

Apartment  space  and  water  heating,  Great  Lakes  Region 

■ 

5 

Apartment  space  and  water  heating,  Black  Hills  Region 

J 

6 

Apartment  space  and  water  heating,  Red  River  Region 

7 

Apartment  space  and  water  heating,  Pacific  Northwest  Region 

8 

Apartment  space  and  water  heating,  Salt  Lake  Region 

9 

Apartment  space  and  water  heating,  Southwest  Region 

iO 

Apartment  space  and  water  heating,  Alaska  Region 

u 

Poultry  dressing  plants  application,  Atlantic  Northeast  Region 

'2 

Poultry  dressing  plants  application,  Southwest  Region 

\ 

/ 

Seasonal  water  heating  at  canning  plant,  Southwest  Region 

- 

14 

Frozen  foods  plant  application,  Southwest  Region 

15 

Seasonal  crop  drying,  Great  Lakes  Region 

16 

Seasonal  crop  drying,  Red  River  Region 

1 

17 

Farm  house  heating  and  crop  drying,  Great  Lakes  Region 

Poultry  dressing  plants  application,  Red  River  Region 

19 

Poultry  dressing  plants  application,  Great  Lakes  Region 

1 

20 

Poultry  dressing  plants  application,  Pacific  Northwest  Region 

21 

Poultry  dressing  plants  application,  Gulf  Coast  Region 

22 

Base-load  electric  power  generation,  Salt  Lake  Region 

23 

Peak-load  electric  power  generation,  Salt  Lake  Region 

24 

Peak-load  electric  power  generation,  Great  Lakes  Region 

-2 
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Table  4-2.  Case  l.  Monthly  Energy  Require- 
ment. Space  and  Water  Heating 
for  a 120  ,000- ft2  Apartment 
Complex  Located  in  Boston,  Mass. 
Atlantic  Northeast  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

613.2 

149.6 

762.8 

Feb. 

499.2 

149.6 

648.8 

Mar. 

454.8 

149.6 

604.4 

Apr. 

400.8 

149.6 

550.4 

Mav 

181.2 

138.4 

319.6 

Jun. 

21.6 

128.0 

149.6 

Jul. 

0 

128.0 

128.0 

Aug. 

0 

128.0 

128.0 

Sep. 

84.0 

138.4 

222.4 

Oct. 

184.8 

149.6 

334.4 

Nov. 

412.8 

149.6 

562.4 

Dec. 

660.0 

149.6 

809.6 

Total 

3511.2 

1708.0 

5219.2 

Table  4-3.  Case  2.  Monthly  Energy  Require- 
ment. Space  and  Water  Heating 
for  a 120,000-ft2  Apartment 
Complex  Located  in  Nashville, 
Tenn.  Tennessee  Valley  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

517.2 

149.6 

666.8 

Feb. 

419.8 

149.6 

569.4 

Mar. 

327.3 

149.6 

476.9 

Apr. 

109.9 

149.6 

259.5 

May 

28.1 

138.4 

166.5 

Jun. 

0 

128.0 

128.0 

Jul . 

0 

128.0 

128.0 

Aug. 

0 

128.0 

128.0 

Sep. 

6.3 

138.4 

144.7 

Oct. 

112.4 

149.6 

262.0 

Nov. 

311.1 

149.6 

460.7 

Dec. 

476.6 

149.6 

626.2 

Total 

2308 . 7 

1708.0 

4016.7 

Table  4-4.  Case  3.  Monthly  Energy  Require- 
aent.  Space  and  Water  Heating 
for  a 120 ,000- ft2  Apartaent 
Coaplex  Located  in  Atlanta,  Ga. 
Gulf  Coast  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

437.9 

149.6 

587.5 

Feb. 

349.8 

149.6 

499.4 

Mar. 

276.7 

149.6 

426.3 

Apr. 

90.0 

149.6 

239.6 

May 

16.0 

138.4 

155.3 

Jun. 

0 

128.0 

128.0 

Jul . 

0 

128.0 

128.0 

Aug. 

0 

128.0 

128.0 

Sep. 

5.0 

138.4 

143.4 

Oct. 

85.6 

149.6 

235.2 

Nov. 

254.9 

149.6 

404.5 

Dec. 

416.6 

149.6 

566.2 

Total  1933.3 


1708.0 


3641.3 
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Table  4-5.  Case  4.  Monthly  Energy  Require-  1 

aent.  Space  and  Water  Heating  1 

for  a 120,000-ft2  Apartaent  \ 

Coaplex  Located  in  Madison,  Wis.  j 

Great  Lakes  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

933.2 

149.6 

1082.8 

?eb. 

782.1 

149.6 

931.7 

Mar. 

674.0 

149.6 

823.6 

Apr. 

369.2 

149.6 

518.8 

May 

185.5 

138.4 

323.9 

Jun. 

45.0 

128.0 

173.0 

Jul. 

8.7 

128.0 

136.7 

Aug. 

24.4 

128.0 

152 .4 

Sep. 

108.1 

138.4 

246.5 

Oct. 

296.1 

149.6 

445.7 

Nov. 

567.8 

149.6 

717.4 

Dec. 

834.5 

149.6 

984.1 

Total 

4828.6 

1708.0 

6536.6 

Table  4-6.  Case  5.  Monthly  Energy  Require- 
ment. Space  and  Water  Heating 
for  a 120  ,000- ft2  Apartment 
Complex  Located  in  Bismark, 

H .Dak.  Black  Hills  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

772.5 

149.6 

922.1 

Feb. 

632.5 

149.6 

782.1 

Mar. 

542.6 

149.6 

692.2 

Apr. 

289.5 

149.6 

439.1 

May 

148.7 

138.4 

287.1 

Jun. 

53.5 

128.0 

181.5 

Jul . 

7.9 

128.0 

135.9 

Aug. 

15.4 

128.0 

143.4 

Sep. 

110.5 

138.4 

284.9 

Oct. 

247.4 

149.6 

397.0 

Nov. 

475.1 

149.6 

624.7 

Dec. 

671.6 

149.6 

821.2 

Total 

3967.2 

1708.0 

5675.2 

Table  4-7.  Case  6.  Monthly  Energy  Require- 
ment. Space  and  Water  Heating 
for  a 120 ,000-ft2  Apartment 
Complex  Located  in  Fort  Worth, 
Tex.  Red  River  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

391.0 

149.6 

540.6 

Feb. 

284.8 

149.6 

434.4 

Mar . 

209.3 

149.6 

358.9 

Apr. 

55.0 

149.6 

204.6 

May 

0 

138.4 

138.4 

Jun. 

0 

128.0 

128.0 

Jul. 

0 

128.0 

128.0 

Aug. 

0 

128.0 

128.0 

Sep. 

0 

138.4 

138.4 

Oct. 

37.5 

149.6 

137.1 

Nov. 

179.3 

149.6 

328.9 

Dec . 

331.1 

149.6 

480.7 

Total  1487.9 


1708.0 


3195.9 
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fable  4-8.  Case  7.  Monthly  Energy  Require- 
ment. Space  and  Hater  Heating 
for  a 120 .000- ft2  Apartment 
Complex  Located  in  Seattle,  Hash. 
Pacific  Northwest  Region 


Month 

Space 

Heating 

Hater 

Heating 

Total 

Jan. 

519.1 

149.6 

668.7 

Feb. 

397.3 

149.6 

546.9 

Mar. 

404.8 

149.6 

554.4 

Apr. 

305.5 

149.6 

455.1 

May 

195.5 

138.4 

333.9 

Jun. 

104.3 

128.0 

232.3 

Jul. 

50.0 

128.0 

178.0 

Aug. 

51.2 

128.0 

179.2 

Sep. 

106.2 

138.4 

244.6 

Oct. 

248.0 

149.6 

397.6 

Nov. 

382.3 

149.6 

531.9 

Dec. 

474.7 

149.6 

624.3 

Total  3238.8 


1708.0 


4946.8 
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4—9.  Case  8.  Monthly  Energy  Require— 
■ent.  Space  and  Hater  Heating 
for  a 120, 000- ft2  Apartment 
Complex  Located  in  Salt  Lake 
City,  Utah.  Salt  Lake  Region 


Month 

Space 

Heating 

Hater 

Heating 

Total 

Jan. 

716.5 

149.6 

866.1 

Feb. 

552.8 

149.6 

702 .4 

Mar. 

491.6 

149.6 

641.2 

Apr. 

296.1 

149.6 

445.7 

May 

148.0 

138.4 

286.4 

Jun. 

55.0 

128.0 

183.0 

Jul. 

0 

128.0 

128.0 

Aug. 

3.1 

128.0 

131.1 

Sep. 

65.6 

138.4 

204.0 

Oct. 

251.1 

149.6 

400.7 

Nov. 

485.4 

149.6 

635.0 

Dec. 

672.1 

149.6 

821.7 

Total  3737.3 


1708.0 


5445.3 


/ 


Table  4-10 

. Case  9.  Monthly 
ment.  Space  and 
for  a 120,000-ft 
Complex  Located 
Southwest  Region 

Energy  Require- 
Water  Heating 
2 Apartment 
in  Phoenix,  Ariz. 

Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

267  .4 

149.6 

417.0 

Feb. 

182  .4 

149.6 

332.0 

Mar. 

115.6 

149.6 

265.2 

Apr . 

37.5 

149.6 

187.1 

May 

0 

138.4 

138.4 

Jun. 

0 

128.0 

128.0 

Jul. 

0 

128.0 

128.0 

Aug. 

0 

128.0 

128.0 

Sep. 

0 

138.4 

138.4 

Oct . 

10.6 

149.6 

160.2 

Nov. 

113.7 

149.6 

263.3 

Dec. 

242.4 

149.6 

392.0 

Total 


969.5 


1708.0 


2677.5 


y wsV  ■*!<,  tV 


Table  4-11.  Case  10.  Monthly  Energy  Require- 
ment. Space  and  Water  Heating 
for  a 120 ,000- ft^  Apartment 
Complex  Located  in  Fairbanks,  Alas. 
Alaska  Region 


Month 

Space 

Heating 

Water 

Heating 

Total 

Jan. 

1489.2 

149.6 

1638.8 

Feb. 

1180.6 

149.6 

1330.2 

Mar. 

1074.4 

149.6 

1224.0 

Apr. 

6/6.5 

149.6 

826.1 

May 

342.9 

138.4 

481.3 

Jun. 

131.8 

128.0 

259.8 

Jul . 

92.4 

128.0 

220.4 

Aug. 

189.9 

128.0 

317.9 

Sep. 

386.0 

138.4 

524.4 

Oct. 

770.8 

149.6 

920.4 

Nov. 

1165.6 

149.6 

1315.2 

Dec. 

1459.8 

149.6 

1609.4 

Total 

8960.1 

1708.0 

10,668.1 

Case  13  is  a seasonal  water  heating  application  with  a seasonal 
load  for  a canning  plant  in  Stockton,  California.  The  solar  pond  is  required 
to  heat  freshwater  from  60  to  180°F  (or  170°F  or  160°F)  at  the  rate  of 
8633  MBtu/month  from  July  13  through  October  13.  A 10  to  20°F  temperature 
drop  across  the  brine-freshwater  heat  exchanger  was  specified.  About  33X  of 
the  canned  fruits  and  vegetables  produced  in  the  United  States  are  from 
California.  This  plant  is  typical  of  California  canneries,  operating  from  mid- 
July  until  mid-October  and  consuming  about  288,000  gal  of  180°F  water  per  day 
during  that  period. 

In  Case  14,  hot  water  is  required  for  a frosen  foods  plant  located 
in  Phoenix.  Similar  to  Cases  11,  12,  and  18  through  21,  heat  is  to  be  provided 
by  a solar  pond  at  a constant  monthly  rate  of  2167  MBtu/month  with  a delivery 
temperature  of  180°,  170°,  160°  or  150°F.  Again,  a 10  to  20°F  temperature 
drop  across  the  brine-freshwater  heat  exchanger  is  assumed. 

Seasonal  crop  drying  is  represented  by  Cases  13  and  16  with  the 
pond  having  to  provide  8666  MBtu/month  for  October  through  December,  and  no 
heat  required  for  the  remainder  of  the  year.  Heat  transfer  from  the  pond  is 
accomplished  by  circulating  pond  water  through  water-air  heat  exchangers,  sized 
such  that  the  water  (brine)  is  at  a minimum  temperature  of  60°F  above  the 
ambient  air  temperature  as  it  exits  the  pond.  Two  sites  are  studied:  Des 

Moines,  Iowa,  and  Fort  Worth,  Texas.  The  ambient  air  temperature  for  Des 
Moines  is  33°F  in  October,  37°F  in  November  and  26°F  in  December.  The 
corresponding  ambient  air  temperatures  for  Fort  Worth,  are  67°,  33°  and  47°F, 
respectively. 


Case  17  represents  farmhouse  heating  and  crop  drying  in  the  Chicago 
area.  Pond  output  requirement  and  minimum  brine  temperature  vary  each  month 
throughout  the  year,  as  shown  in  Figures  4-1  and  4-2,  respectively. 

Solar  ponds  can  also  be  used  to  generate  either  base-load  or 
peaking  electric  power  in  regions  of  high  insolation.  Case  22  considers  a 5-MW 
base-load  plant  at  the  Great  Salt  Lake,  Utah,  and  Cases  23  and  24  consider  3-MW 
summer  peaking  power  generation  at  the  Great  Salt  Lake,  Utah,  and  Detroit, 
Michigan,  respectively. 

4.1.2  Method  of  Analysis 

Ormat  conducted  the  case  studies  with  information  described  in  the 
foregoing  section  and  using  their  Solar  Pond  Behavior  Model  (Tabor  and 
Weinberger,  1980).  Materials  contained  in  this  section  and  Section  4.1.3  are 
extracted  from  a report  that  Ormat  prepared  for  JPL  as  an  account  of  the  con- 
tract work  (Ormat  Turbines,  Ltd.,  1982). 


4. 1.2.1  Energy  Requirements.  Energy  requirements  for  Cases  1 through  21 
were  specified  as  the  energy  to  be  provided  by  the  solar  pond.  Solar  ponds 
were  sized  such  that  these  energy  requirements  were  actually  provided  as  an 
output  from  the  ponds.  In  this  manner,  the  temperature  of  the  solar  pond 
storage  varied  throughout  the  year  in  response  to  solar  energy  deposition, 
environmental  heat  losses,  and  thermal  energy  extraction. 
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MINIMUM  BRINE  TEMPERATURE, 


Figure  4—1.  Total  Power  Output  from  Pond  for  Farm  Space , Water  Heating 
and  Crop  Drying,  Chicago 


Figure  4-2.  Minimum  Brine  Temperature  for  Farm  Heating,  Chicago 


For  Case  22,  which  considers  a 5-MW  base-load  power  plant,  the 
solar  pond  behavior  was  modeled  by  extracting  thermal  energy  during  the  year 
such  that  the  electrical  energy  output  is  maximised. 

For  5-MU  peaking  cases  (Cases  23  and  24),  the  solar  pond  behavior 
was  modeled  such  that  the  nominal  5-MW  electrical  power  level  was  provided 
during  Che  summer  for  the  period  July  1 through  September  30,  24  hours  a day. 
During  the  remainder  of  the  year,  January  through  June  30  and  October  1 
through  December,  no  energy  was  extracted  from  the  solar  pond. 


4. 1.2. 2 Insolation  and  Ambient  Temperature.  Monthly  averaged  total 
horizontal  solar  insolation  and  ambient  temperature  data  are  obtained  from 
Appendix  B.  Such  data  were  available  for  all  case-study  cities  except 
Stockton,  California,  for  which  interpolation  was  made  using  data  from 
Sacramento  and  Oakland. 

The  mean  monthly  temperature  of  a solar  pond  upper  convective  zone 
has  been  found  experimentally  to  be  within  3 to  4°F  of  the  ambient  air  tem- 
perature. For  purposes  of  this  analysis,  the  assumptions  were  made  that  the 
upper  convective-zone  temperature  was  equal  to  the  ambient  air  temperature  and 
that  this  temperature  can  be  approximated  by  a simple  sinusoidal  function 
having  a period  of  365  days. 


Temperature  Requirements.  Minimum  delivery  temperature  require- 
ments were  satisfied  by  sizing  the  solar  pond  such  that  the  minimum  storage- 
zone  temperature  during  the  year  was  not  less  than  a temperature  consistent 
with  the  minimum  delivery  temperature  requirement.  Figure  4-3  shows  an  example 
of  brine-freshwater  delivery  temperature  of  140°F  when  the  minimum  brine  tem- 
perature is  experienced  at  the  exit  of  the  solar  pond  storage  zone  during  the 
period  of  energy  extraction.  In  this  example,  it  is  assumed  that  the  fresh- 
water is  heated  from  60  to  140°F  by  the  hot  brine  and  the  minimum  storage- 
zone  brine  temperature  during  energy  extraction  is  150°F.  Thus  there  is  a 
10°F  difference  across  the  heat  exchanger  between  the  minimum  hot  brine 
temperature  (150°?)  and  the  minimum  freshwater  delivery  temperature  v’40°F). 
When  the  storage-zone  temperature  increases  above  150°F  during  the  year,  the 
freshwater  delivery  temperature  can  be  allowed  to  increase  accordingly.  Alter- 
natively, the  brine  extraction  flow  rate  can  be  reduced  in  order  to  maintain 
the  140°F  freshwater  delivery  temperature  throughout  the  year. 

The  10°F  temperature  difference  illustrated  in  Figure  4-3  between 
the  minimum  solar  pond  storage-zone  temperature  experienced  during  periods  of 
energy  extraction  and  the  minimum  freshwater  delivery  temperature  was  satisfied 
for  Cases  1 through  14  and  18  through  21.  This  temperature  difference  is 
reasonable  considering  the  resulting  requirements  on  heat  exchanger  sizing  and 
extraction  flow  rates  (pumping  requirements). 

For  Cases  15  through  17,  the  required  minimum  brine  temperatures 
were  satisfied  by  sizing  the  solar  pond  such  that  the  storage-zone  temperature 
did  not  drop  below  any  of  the  minimum  brine  temperatures  indicated  during  the 
month  in  which  the  temperature  was  to  be  maintained.  Storage-zone  temperatures 
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TEMPERATURE, 


MINIMUM  STORAGE  ZONE 
TEMPERATURE  DURING  PERIOD 
OF  ENERGY  EXTRACTION-^ 


BRINE 


MINIMUM  FRESH  WATER 
DELIVERY  TEMPERATURE 


FRESH  WATER 


HEAT  EXCHANGER  LENGTH,  X/L 


Figure  4-3.  Example  ot  Brine-Freshwater  Heat  Exchanger  Characteristics 
at  Minimum  Solar  Poml  Storage-«ione  Temperature 


greater  than  the  minimum  brine  delivery  temperature  are  experienced  during 
part  of  the  month,  but  as  more  energy  is  being  extracted  from  the  storage  zone 
than  is  being  deposited,  the  storage-zone  temperature  decreases. 

Temperature  requirements  were  not  specified  nor  are  they  appro- 
priate for  Cases  22  through  24.  Although  the  primary  criterion  of  interest  in 
sizing  the  solar  pond  is  to  maximize  the  amount  of  electrical  power  generated, 
the  brine  temperature  in  the  storage  zone  and  the  temperature  of  the  surface 
zone  affect  the  efficiency  of  thermal  to  electrical  energy  conversion.  As  such, 
constraints  are  imposed  on  the  brine  storage-zone  temperature  as  discussed  in 
the  description  of  the  analytical  model  (Ormat  Turbine,  Ltd.,  1982). 

4. 1.2. 4 Extraction  Flow  Rates.  Extraction  flow  rates  from  the  solar  pond 
were  based  on  the  monthly  energy  requirements,  the  minimum  storage-zone 
temperature  experienced  during  energy  extraction  and  the  expected  freshwater 
delivery  flow  rates. 

For  example,  referring  to  Figure  4-3,  the  average  monthly 
extraction  flow  rate  from  the  solar  pond  would  be  based  on  the  average  monthly 
energy  extraction  rate  and  the  40°F  temperature  drop  on  the  brine  side  of 
the  heat  exchanger.  A reasonable  balance  between  the  brine  flow  rate  and 
freshwater  flow  rate  was  maintained  by  increasing  or  decreasing  the  brine-side 
temperature  drop  as  warranted.  Maintenance  of  hydrodynamic  stability  within 
the  solar  pond  as  affected  by  the  flow  extraction  was  also  considered  in  the 
flow-rate  determination. 

For  Cases  1 through  10,  a temperature  drop  of  40°F  in  the  brine 
side  of  the  heat  exchanger  was  used  in  determining  the  extraction  flow  rates, 
whereas  a 30°F  brine-side  temperature  drop  was  used  for  Cases  11,  12,  and  18 
through  21.  In  Cases  13  and  14,  a 60°F  temperature  drop  was  used  on  the 
brine  side  of  the  heat  exchanger.  A temperature  drop  of  25°F  was  used  on 
the  brine  side  of  the  brine/air  heat  exchangers  in  Cases  15  and  16,  and  a 
35°F  temperature  drop  was  used  on  the  brine  side  in  Case  17. 

As  the  solar  pond  storage-zone  temperature  increases  from  the 
minimum  value  (e.g.,  10°F  greater  than  the  minimum  required  freshwater 
delivery  temperature),  the  extraction  flow  rates  can  be  reduced  without 
sacrifice  in  system  performance  by  allowing  a larger  temperature  difference  on 
the  brine  side  of  the  heat  exchanger.  Alternately,  the  freshwater  delivery 
temperature  can  be  allowed  to  increase  above  the  minimum  temperature 
requirement. 

4. 1.2.5  Pond  Transparency.  The  effect  of  pond  transparency  on  energy  pen- 
etration as  a function  of  pond  depth  is  significant  (Ormat  Turbines,  Ltd., 

1982).  Because  the  quality  of  water  is  site-specific,  many  of  the  case 
studies  were  conducted  for  two  water  qualities,  Types  2 and  3.  The  results 
obtained  illustrate  how  pond  sizing  is  affected  by  pond  transparency.  Type  2 
is  characteristic  of  ocean  water  treated  to  inhibit  microbial  growth  and  Type 
3 is  typical  of  continental  shelf  water.  The  water  in  solar  ponds  constructed 
in  Israel  is  generally  characterized  as  being  between  Types  2 and  3. 


f 

»» 
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Pond  Siting.  The  determination  of  the  pond  area  for  Cases  1 
through  21  was  based  on  the  average  annual  load  requirement  to  be  satisfied  as 
output  from  the  pond  and  the  expected  average  annual  storage-zone  temperature. 
The  average  annual  storage-zone  temperature  was  not  known  a priori  but  could 
be  estimated  initially  with  reasonable  accuracy  on  the  basis  of  the  minimum 
temperature  that  the  storage  zone  was  permitted  to  experience  during  periods 
of  extraction  and  on  the  depth  selected  for  the  storage  zone.  The  storage- 
zone  depth  affects  the  seasonal  temperature  extremes  experienced  in  the  storage 
zone,  i.e.,  smaller  temperature  extremes  experienced  in  the  average  annual 
storage-zone  temperature  are  experienced  with  increasing  depth  of  storage 
zone.  The  storage-zone  depth  for  which  seasonal  temperature  fluctuations  are 
minimal  depends  on  the  seasonal  variations  of  solar  insolation  and  energy 
demands  and  is,  therefore,  site  and  application  dependent. 

After  the  initial  selection  of  pond  area  was  made,  the  behavior  of 
the  solar  pond  was  computed  using  the  monthly  average  energy  demands  as  the 
energy  output  from  the  pond.  If  the  minimum  storage-zone  temperature  experi- 
enced during  periods  of  energy  extraction  was  greater  than  the  allowable  value, 
then  either  the  storage-zone  depth  was  reduced  (resulting  in  larger  seasonal 
temperature  fluctuations)  or  a smaller  pond  area  was  used  (resulting  in  a 
higher  energy  output  per  unit  area  of  pond  and  a lower  annual  average  pond 
temperature).  Of  course,  a combination  of  both  steps  could  also  be  taken. 

On  the  other  hand,  if  the  minimum  storage  temperature  experienced 
during  periods  of  energy  extraction  was  less  than  the  allowable  value,  then 
either  the  storage-zone  depth  was  increased  or  the  area  of  the  solar  pond  was 
made  larger.  The  solar  pond  was  considered  to  be  sized  in  terms  of  pond  area 
and  depth  when  the  minimum  storage-zone  temperature  experienced  during  periods 
of  energy  extraction  was  equal  to  the  minimum  allowable  temperature  e.g., 

150°F  at  a 140°F  freshwater  del  ivery  temperature.  The  sizing  process  can 
be  repeated  several  times  until  a reasonable  size  is  obtained. 

The  adjustment  of  storage-zone  depth  has  an  impact  on  construction 
cost  and  pond  operation  and  behavior.  Variation  of  water  quality  (e.g.,  Type 
2 or  3)  was  also  considered  in  the  sizing  process.  For  Case  22,  the  solar  pond 
depth  was  selected  to  minimize  the  seasonal  variations  in  power  output.  For 
Cases  23  and  24,  sizing  is  based  on  providing  summer  peaking  power  at  the 
nominal  5-MWe  level.  Pond  area  is  less  than  for  the  base-load  case  because  the 
pond  supplies  a smaller  amount  of  electric  energy  annually. 


4. 1.2. 7 Model  Variation.  The  Ormat  Solar  Pond  Behaviour  Model  was  used  to 
predict  the  operation  of  the  Ein  Bokek  solar  pond  near  the  Dead  Sea,  Israel. 
This  7,300-m^  pond  was  completed  during  the  late  summer  of  1978. 

Two  regimes  of  operation  were  modeled: 

(1)  Warming-up  operation. 

(2)  Heat  extraction. 

Using  local  horizontal  insolation  values,  local  ambient  tempera- 
tures, and  a water  transparency  of  Type  3 water  together  with  the  assumptions 
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mentioned  above,  storage-zone  temperatures  were  obtained  as  shown  in  Figure  4-4 
for  the  warm-up  period.  Close  agreement  between  prediction  and  measurement  ia 
evident. 


For  the  case  of  heat  extraction,  results  of  modeling  the  operation 
of  the  Ein  Bokek  solar  pond  during  August  to  November  1981  are  presented  in 
Figure  4-5. 


During  this  period,  the  pond,  having  an  upper  convective  zone  of 
0.3  m,  gradient  zone  of  1.1m,  and  a storage  zone  of  1.0  m,  was  placed  under  a 
rigid  operating  schedule  of  energy  extraction  (see  Figure  4-5).  Again,  there 
is  good  agreement  between  the  predicted  and  measured  temperatures.  The  Ormat 
Solar  Pond  Behaviour  Model  has  been  used  to  successfully  determine  the 
behavior  of  the  solar  pond  built  and  operated  at  Yavne,  Israel.  It  was  also 
used  in  the  feasibility  study  of  the  solar  pond  at  the  Salton  Sea  (Ormat 
Turbines,  Ltd.,  1982). 


4.1.3  Results  of  Case  Studies 

4. 1.3.1  Cases  1-10.  Results  of  analyses  performed  for  Cases  1-10  are  sum- 
marized in  Table  4-12.  These  cases  represent  space  and  water  heating  for  a 
120,000-ft2  apartment  complex.  The  effect  of  water  type  on  required  pond 
areas  (with  all  other  factors  remaining  constant)  can  be  determined  for  dif- 
ferent regions  by  comparing  results  of  Cases  1.2  with  1.3,  2.3  with  2.4,  3.3 
with  3.4,  8.2  with  8.3,  and  9.1  with  9.2.  It  can  be  seen  that  pond  transparency 
has  a significant  effect  on  the  pond  area. 

The  effect  of  minimum  storage-zone  temperature  (minimum  freshwater 
delivery  temperature)  on  solar  pond  area  (with  all  other  factors  remaining 
constant)  can  be  determined  by  comparing  results  of  Cases  1.1  with  1.3  and  2.2 
with  2.3.  It  can  be  seen  that  the  minimum  storage-zone  temperature  has  a sig- 
nificant effect  on  the  pond  sizing.  The  effect  of  storage-zone  depth  on  the 
required  pond  area  (all  other  factors  remaining  constant)  can  be  determined  by 
comparing  Cases  3.1  with  3.4  and  4.1  with  4.2.  It  can  be  seen  that  the  solar 
pond  area  is  relatively  insensitive  to  the  storage-zone  depth  for  the  cases 
analyzed. 


From  Table  4-12,  it  can  be  seen  that  the  maximum  storage-zone  tem- 
perature achieved  in  Case  10  without  energy  extraction  is  approximately  57°C. 

Monthly  extraction  rates  for  Cases  1 through  10  are  given  in  Table 
4-13.  These  flow  rates  are  based  on  a 10°F  temperature  drop  across  the 
brine-freshwater  heat  exchanger  and  a 40°F  temperature  drop  on  the  brine  side 
of  the  heat  exchanger.  Reductions  from  these  flow  rates  can  be  realized  when 
the  storage-zone  temperature  is  greater  than  the  minimum  required  brine  tempera- 
ture such  that  the  minimum  freshwater  temperature  is  provided  on  a year-around 
basis.  Alternatively , if  the  extraction  flow  rates  are  not  reduced  from  the 
values  given  in  Table  4-13,  the  freshwater  temperature  will  be  greater  than 
the  minimum  required  value  when  the  storage-zone  brine  temperature  exceeds  the 
minimum  required  value. 
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STORAGE  ZONE  TEMPERATURE 


CALENDAR  TIME 
1973 

Figure  4-4.  Comparison  Between  Ormat  Model  Prediction  and  Actual 

Measurement  ol  Storage-Zone  Temperature  During  the  Warm-up 
Period  at  the  Lin  Uokek  Solar  Pond,  Israel 
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STORAGE  ZONE  TEMPERATURE, 


1981 

Figure  4-5.  Comparison  Between  Ormat  Model  Prediction  and  Actual 

Measurement  of  the  Storage-Zone  Temperature  During  Energy 
Extraction  at  the  Ein  Bokek  Solar  Pond,  Israel 
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Table  4-12.  Sutnnary  of  Results  for  Cases  1 Through  10  - Space  and  Water  Heating 


Caae 

No. 

Location/Region 

Yearly 
Average 
Load/ Mon tn 
kW 

Maximum  to 
Minimum 
Load  Ratio 

Yearly 
Average 
Insolation 
W/m 2 

Hater 

Type 

Storage 

Zone 

Depth 

m 

Pond 

Surface 

Area 

J- 

Minimum 
Storage- Zone 
Temperature 
°C 

1. 1 

Boston,  Mass./ 

174,418 

6.3 

143 

2 

3 

21,400 

65.6 

1.2 

Atlantic  Northeast 

174,418 

6.3 

145 

3 

3 

22,100 

54.4 

1. 1 

174,418 

6.3 

145 

2 

3 

11,200 

54.4 

2.1 

Nashville,  Term./ 

134,225 

5.2 

167 

2 

3.5 

7,100 

65.6 

2.2 

Tennessee  Valley 

134,223 

5.2 

167 

\ 

3 

14,200 

65.6 

2.3 

134,225 

5.2 

167 

3 

3 

8,500 

54.4 

2.4. 

134,223 

5.2 

167 

2 

3 

5,500 

54.4 

3.1 

Atlanta,  C a./ 

121,680 

4.6 

177 

2 

3 

5,400 

65.6 

3.2 

Gulf  Coast 

121,680 

4.6 

177 

3 

3 

8,500 

54.4 

3.3 

121,680 

4.6 

177 

3 

3.5 

9,000 

65.6 

3.4. 

121,680 

4.6 

177 

2 

3.5 

4,900 

65.6 

4.  1 

Madison,  His./ 

218,433 

7.9 

156 

2 

3 

21,800 

65.6 

4.-2 

Crest  Lakes 

218,433 

7.9 

156 

2 

3.5 

19,800 

65.6 

5.1 

Bismarck,  N.Dak./ 
Black  Hills 

189,646 

6.8 

164 

2 

3.5 

18,200 

65.6 

6.1 

Fort  Worth,  Tex./ 

106,786 

4.2 

194 

2 

2.5 

3,900 

65.6 

6.2 

Red  River 

106.78b 

4.2 

194 

3 

3.5 

5.700 

65.6 

7.1 

Seattle,  Wash./ 
Red  River 

165,907 

6.0 

138 

2 

3.5 

29,900 

65.6 

8.1 

Salt  Lake  City,  Utah/ 

181,964 

6.8 

211 

2 

3 

7,400 

65.6 

8.2 

Salt  Lake 

181.V64 

6.8 

211 

3 

3.5 

10,700 

65.6 

8.3 

181.V64 

6.8 

211 

2 

3.5 

7,000 

65.6 

9.1 

Phoenix,  Aria,/ 

89,473 

3.0 

246 

2 

3.5 

2,100 

65.6 

9.2 

Soutnwes t 

89, .73 

3.0 

246 

3 

3.5 

3,000 

65.6 

10. 1 

Fairbanks,  Alas./ 
Alaska 

356,492 

7.6 

101 

2 

3.5 

A 

b 

*N  o opvratinjt  solar  pond  feasible. 

Minimum  storage-tone  temperature  of  31°C  achieved  without  energy  extraction 
Maximum  storage-zone  temperature  of  57°C  achieved  without  energy  extraction 
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Table  4-13.  Sumnary  of  Extraction  Flow  Rates  For  Cases  1 Through  10 


Extraction  Rate,  m3/h 


Month  Case  No 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

January 

12.7 

11.2 

9.8 

18.1 

15.4 

9.1 

11.2 

14.4 

6.9 

- 

February 

10.9 

9.5 

8.4 

15.6 

13.0 

7.2 

9.2 

10.8 

5.5 

- 

March 

10.2 

7.9 

7.1 

13.7 

11.6 

5.9 

9.3 

10.8 

4.4 

- 

April 

9.2 

4.4 

4.0 

8.6 

7.4 

3.4 

7.6 

7.4 

3.1 

- 

May 

5.4 

2.8 

2.5 

5.4 

4.8 

2.3 

5.5 

4.8 

2.3 

- 

June 

2.5 

2.1 

2.1 

2.8 

3.0 

2.1 

3.8 

3.1 

2.1 

- 

July 

2.1 

2.1 

2.1 

2.3 

2.3 

2.1 

3.0 

2.1 

2.1 

- 

August 

2.1 

2.1 

2.1 

2.5 

2.4 

2.1 

3.0 

2.1 

2.1 

- 

September 

3.7 

2.4 

2.4 

4.1 

4.8 

2.3 

4.1 

3.4 

2.3 

- 

October 

5.7 

4.4 

4.0 

7.5 

6.7 

3.1 

6.7 

6.7 

2.7 

- 

November 

9.5 

7.6 

6.8 

12.0 

10.5 

5.5 

8.9 

10.6 

4.4 

- 

December 

13.6 

10.5 

9.5 

16.4 

13.7 

8.1 

10.5 

13.7 

6.5 

— 

4. 1.3.2  Cases  11,  12  and  18  through  21.  Table  4-14  suosarizes  the  results 
of  analyses  which  were  conducted  for  Cases  11,  12,  and  18  through  21.  Because 
of  the  relatively  large  energy  requirements  (in  comparison  with  the  same 
regions  in  Case  1 through  10  all  of  the  ponds  were  sized  for  a minimum  brine 
st or ago -zone  temperature  of  54.4°C  (130°F).  It  can  be  seen  from  Table  4-14 
that  there  is  a significant  influence  of  water  type  on  ths  pond  area,  as  was 
true  with  Cases  1 through  9.  The  brine  extraction  flow  rate  shown  in 
Table  4-14  is  based  on  a temperature  difference  of  10°f  across  the  brine- 
freshwater  heat  exchanger,  as  was  previously  discussed  and  a 27.8°c  (S0°F) 
temperature  drop  on  the  brine  side  of  the  heat  exchanger. 

Additional  results  for  these  cases  which  illustrate  the  brine 
storage-zone  temperature  levels  during  the  year  are  given  in  Table  4-15. 

These  results  are  given  for  the  pond  areas  shown  in  Table  4-14  water  Type  3. 
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Table  4-14. 


Summary  of  Results  for  Cases  11,  12,  18  through  21 


Poultry  Dressing  Plant 


Case 

No. 

Location/Region 

Yearly 

Average 

Load/Month 

kW 

Maxiaua  to 
Miniausi 
Load  Ratio 

Yearly 

Average 

Insolation 

W/a2 

Water 

Type 

Storage 

Zone 

Depth 

a 

Pond 

Surface 

Area 

m2 

MiniaKUs 
Storage  Zone 
Teaperature 
°C 

Brine 
Extrac- 
tion Flow 
Rate,  a*/h 

U.l 

11.2 

Boston,  Mass./ 
Atlantic  Northeast 

912,275 
912  ,275 

1 

l 

145 

145 

2 

3 

3.5 

3.5 

52,800 
104  ,000 

54.4 

54.4 

31.1 

31.1 

12.1 

12.2 

Phoenix,  Ari *./ 
Southwest 

912,275 

912,275 

1 

1 

246 

246 

2 

3 

3.5 

3.5 

15  ,400 
2 1 ,000 

54.4 

54.4 

31.1 

31.1 

18.1 

18.2 

Fort  Worth,  Tex./ 
Red  River 

912  ,275 
912,275 

1 

1 

194 

194 

2 

3 

3.5 

3 , 

23 .000 
31 ,100 

54.4 

54.4 

31.1 

31.1 

19.1 

19.2 

Madison,  Wis ./ 
Crest  Lakes 

912,275 

912,275 

1 

1 

156 

156 

2 

3 

3.5 

3.5 

46,300 

86,100 

54.4 

54.4 

31.1 

31.1 

20.1 

20.2 

Seattle,  Wash./ 
Pacific  Northwest 

912,275 

912,275 

1 

1 

138 

138 

2 

3 

3.5 

3.5 

62 ,100 
132 ,000 

54.4 

54.4 

31.1 

31.1 

21.1 

21.2 

Atlanta,  G a./ 
Gulf  Coast 

912  .275 
912  ,275 

l 

1 

17  7 
177 

2 

3 

3.5 

3.5 

26,500 

38,600 

54.4 

54.4 

31.1 

31.1 

•M- 
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Tabic  4-15.  Brine  Teaperature  Levels  During  the  Year 


Case 

Kj.* 

Temperature, 

11 

12 

18 

19 

20 

21 

°C 

Percent  Tiae 

of  Year  Above  Given  Teaperature 

54.4 

100 

100 

100 

100 

100 

100 

60.0 

73 

65 

62 

62 

62 

59 

65.6 

43 

51 

41 

46 

45 

35 

71.1 

0 

0 

19 

24 

30 

0 

*Using  saae  pond  arees  as 

in  Table 

4-14, 

Type  3 

water. 

It  can  be  seen  that  the  third-choice  ainiaua  f.eshwater  teaperature  (48.9°C 
or  120°F)  is  provided  100%.  In  fact,  the  brine  teaperature  exceeds  60.0°C 
(140°F)  for  approxiaately  60Z  or  more  of  the  year  for  all  of  the  cases  (59% 
for  Case  21)  so  that  the  second-choice  ainiaua  freshwater  teaperature 
(54.4°C  or  130°F)  could  be  provided  for  60%  or  aore  of  the  tiae. 

Siailarly,  it  can  be  seen  from  Table  4-15  that  the  first  choice 
freshwater  teaperature  (60.0°C  or  140°?)  can  be  achieved  froa  35  to  50%  of 
the  tiae  in  that  the  brine  storage-sone  teaperature  exceeds  65.6°C  (150°F) 
for  this  amount  of  tiae,  depending  on  the  specific  case.  Thus,  a pond  sited 
to  provide  the  third-choice  ainiaua  freshwater  delivery  teaperature  for  100Z 
of  the  tiae  can  also  satisfy  s aore  stringent  ainiaua  freshwater  teaperature 
requireaent  for  a significant  portion  of  the  tiae  using  suitable  energy 
extraction  techniques. 


4. 1.3. 3 Case  13.  Caae  13  is  for  a seasonal  water  heating  canning  plant  in 
Stockton,  California.  Pond  siting  is  shown  in  Table  4-16  which  satisfies  the 
energy  requireaents  for  a ainiaua  freshwater  delivery  teaperature  of  65.6°C 
(150°F),  corresponding  to  a ainiaua  storage-tone  teaperature  of  71.1°C  (160°F), 
for  both  water  Types  2 and  3,  and  for  s ainiaua  freshwater  delivery  temperature 
of  76.7°C  (170°F),  corresponding  to  a ainiaua  storage-tone  teaperature  of 
82.2°C  (180°F).  The  brine  extraction  flow  rate  of  99  a^/h  is  based  on  a 
teaperature  drop  of  33.3°C  (600?)  on  the  brine  side  of  the  heat  exchanger. 
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4. 1.3. 4  Case  14.  Case  14  is  for  a frozen  foods  process  application  in 
Phoenix,  Arizona,  with  a constant  energy  demand  throughout  the  year.  Pond 
sizing  is  shown  in  Table  4-16  for  a minimum  freshwater  temperature  of  65.6°c 
(1S0<>F),  corresponding  to  a minimum  storage  temperature  of  71.1°C  (160°F), 
for  both  water  Types  2 and  3;  and  for  a minimum  freshwater  delivery  temperature 
of  77.0°c  (l/i°F),  corresponding  to  a minimum  storage-zone  temperature  of 
82.6°C  (181°F),  for  water  Type  3.  The  brine  extraction  flow  rate  is  based 
on  a 33.3°c  (60°V)  temperature  drop  on  the  brine  side  of  the  heat  exchanger. 


4. 1.3. 5  Case  15  and  16.  Cases  15  and  16  are  for  seasonal  crop  drying 
applications.  Pond  sizing  results  are  shown  in  Table  4-16  which  satisfy  the 
minimjm  brine  temper?  u re  requirements  during  the  period  of  energy  extraction. 
Results  are  given  foi  jter  Types  2 and  3,  and  the  extraction  flow  rate  is 
based  on  i 13.9°C  (25°F)  temperature  drop  on  the  brine  side  of  the  heat 
exchanger . 


4. 1.3.6  Case  17.  Case  17  represents  a farmhouse  heating  and  crop  drying 
application  in  Chicago,  Illinois.  The  pond  was  sized  such  that  the  brine 
storage-zone  temperature  was  never  lower  than  the  first  choice  minimum  brine 
temperature  on  a monthly  basis.  The  brine  extraction  rate  for  Case  17 
corresponds  to  40  g/m. 


4. 1.3.7  Case  22-24.  Base-load  and  peak-load  electric  power  generation  are 
studied  in  Cases  22,  23,  24  and  the  results  are  summarized  in  Table  4-17. 

Table  4-17  identifies  the  applications,  the  mode  of  energy 
extraction,  pond  area,  pond  depth  (total  depth,  including  the  upper  convective 
zone,  middle  non-convective  zone,  and  lower  storage  zone),  and  water  type. 


In  Case  22.1,  the  solar  pond  was  sized  to  produce  5-MU  gross,  or 
3.75-MW  net.  A utilization  factor  of  80%  at  the  rated  power  level  was 
assumed.  Thus  the  average  annual  output  is  26.3  million  kWh,  as  shown  in 
Table  4-18  along  with  the  average  monthly  power  output. 


Steps  were  taken  in  order  to  minimize  the  effects  of  seasonal 
variation  on  the  SPPP  output.  First,  a 3.5-m  deep  storage  zone  was  used.  In 
addition,  the  energy  was  extracted  from  the  storage  zone  at  a rate  which 
maintains  the  temperature  of  the  storage  zone  at 


T(°C) 


64  + 10  sin 


f 2 (D-90) 
\ 365 


where  D is  the  number  of  days  measured  from  the  vernal  equinox. 


Table  4-19  presents  the  seasonal  performance  of  a SPPP  at  the 
Great  Salt  Lake.  Here  "sumner"  refers  to  the  3 months  with  the  most  output, 
i.e.,  July,  August,  September,  while  "winter"  refers  to  the  3 months  with  the 
least  output,  i.e.,  December,  January,  February. 


In  Cases  23  and  24,  summer  peaking  load  is  studied  at  Great  Salt 
Lake  and  Detroit,  respectively.  Two  alternatives  are  given  for  the  5-MW 
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Case 

No.  Location/Region 


13.1  Stockton,  Calif./ 

13.2  Southwest 


14.1  Phoenix,  Ariz./ 

14.2  Southwest 


15.1  Des  Moines,  low a/ 
Great  Lakes 


Fort  Worth,  Tex./ 
Red  River 


17.1  Chicago,  111./ 
Great  Lakes 


Table  4-16. 

Summary  of 

Results 

for  Cases 

13  Through  17 

Yearly 

Yearly 

Storage- 

Pond 

Minimum 

Brine 

Average 

Average 

Water 

Zone 

Surface 

Storage-Zone 

Extrac- 

Application 

Load/Month 

Insolation 

Type 

Depth 

Area 

Temperature 

tion  Flow 

kW 

W/ir2 

ffl 

ra2 

°C 

Rate,  m^/t 

Canning  Plant 

865,659 

217 

2 

3.5 

26 ,000 

71.1* 

99* 

Seasonal 

865,659 

217 

3 

3.5 

37,900 

71.1* 

99* 

Water  Heating 

865,659 

217 

3 

3.5 

51,800 

82.2* 

99* 

Frozen  Foods 

868,976 

246 

2 

3.5 

18,700 

71.1 

24.6 

Plant 

868,976 

246 

3 

3.5 

28  ,400 

71.1 

24.6 

868,976 

246 

3 

3.5 

38,800 

82.6 

24.6 

Seasonal 
Crop  Drying 

868,767 

172 

2 

3.5 

24  ,900 

46.1, 
36.1 
30. 0b 

241b 

Seasonal 
Crop  Drying 

868,767 

172 

3 

3.5 

35,300 

46.1, 

36.1, 
30.0 

24  lb 

Seasonal 
Crop  Drying 

868,767 

868,767 

194 

194 

2 

3.5 

24 ,800 

52.8, 

46.1, 

41.7® 

24  lb 

868,767 

194 

3 

3.5 

32,300 

52.8, 
46.1, 
41. 7b 

24  lb 

Farmhouse 
Heating  and 
Crop  Drying 


77,968 


varying* 

(First 

Choice) 


*The  temperature  and  brine  extraction  rate  are  relevant  for  the  period  July 
energy  is  being  extracted. 

''These  temperatures  and  brine  extraction  rate  are  relevant  for  the  months  Oc 
the  required  energy  is  being  extracted.  The  brine  extraction  flow  rate  is 


0.0025 


16  - October  15,  during  which  time  the  required 


tober,  November,  and  December,  during  which  time 
constant  during  this  period. 


cSee  Figure  4-2. 


Table  4*17.  Sunnary  of  Electric  Power  Generation  Caaea  22  Through  24 


Case 

Mo. 

Location/Region 

Case 

Description 

Pond 

Area, 

k.2 

(acres) 

Total 

Pond 

Depth, 

m 

Water 

Type 

22.1 

Great  Salt  Lake/ 
Salt  Lake  Region 

5-MW  year-around 
base-load 

1.97 

(486) 

5.05 

3 

23.1 

Great  Salt  Lake/ 
Salt  Lake  Region 

5-MW  constant 
summer  peaking- 

0.68 

(169) 

5.05 

3 

23.2 

Great  Salt  Lake/ 
Salt  Lake  Region 

5-MW  summer  peak- 
load 

0.66 

(163) 

5.05 

3 

24.1 

Detroit/Great 
Lakes  Region 

5-MW  constant 
peaking-load 

1.62 

(400) 

5.05 

3 

24.2 

Detroit/Great 
Lakes  Region 

5-MW  summer  peak- 
load 

1.28 

(315) 

5.05 

3 

summer  peaking  loads  in  both  cases.  In  alternatives  23.1  and  24.1,  a constant 
3-MU  (gross)  or  3.75-MW  (net),  24  hours  a day,  while  during  the  remaining 
months  of  the  year,  no  energy  is  extracted  from  the  pond.  However,  in  alterna- 
tives 23.2  and  24.2,  the  nominal  5-MW  sumner  peaking  load  is  provided  for  only 
a portion  of  the  24-hour  day.  During  the  rest  of  the  year,  no  energy  is 
extracted.  Table  4-20  and  Figure  4-6  summarize  these  results. 

If  base-load  operation  is  compared  to  peaking  operation  in  Cases 
22  and  23,  it  can  be  seen  from  Table  4-17  that  in  the  peaking  case,  less  pond 
area  is  needed  to  provide  the  power  requirement.  However,  as  Table  4-21  shows, 
the  base-load  plant  operates  at  a higher  pond  efficiency,  i.e.,  a greater 
fraction  of  heat  can  be  extracted  in  the  base  load  mode  than  in  the  peaking 
mode. 


4.2  ENERGY  DISTRIBUTION/CONVERSION  SUBSYSTEMS 

4.2.1  Distribution/Conversion  Subsystem  Layout 

The  design  of  energy  distribution  subsystems  depends  to  a large 
extent  on  the  specific  applications.  Generally,  heat  extraction  from  solar 
ponds  can  be  done  with  in-pond  or  out-of-pond  heat  exchangers.  But  the  trend 
is  to  favor  the  latter  because  of  easier  maintenance  and  less  corrosion 
problems.  To  limit  the  corrosion  effects  of  hot  brine  on  the  heat  transport 
equipment,  it  is  desirable  to  locate  the  brine-to-transport* rluid  heat 
exchanger  as  close  to  the  pond  as  possible.  It  is  also  desirable  to  minimize 
the  length  of  heat  transport  pipelines,  wherever  possible,  such  that  heat  loss 
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Table  4-18 

. Monthly  Performance  of  Base  Load 
the  Great  Salt  Lake  (Case  22.1) 

SPPP  at 

Month 

Net  Electrical 
Power  Output,  MW 

Net  Electrical 
Energy 
106kWh 

January 

3.11 

1.85 

February 

3.14 

1.69 

March 

3.35 

1.99 

April 

3.63 

2.09 

May 

4.16 

2.48 

June 

4.22 

2.43 

July 

4.24 

2.52 

August 

4.32 

2.57 

September 

4.28 

2.47 

October 

3.86 

2.30 

November 

3.43 

1.98 

December 

3.26 

1.94 

Annual  Average 

3.75®  Annual  Total  26.3® 

aAnalysis  based  on 

water 

type  No.  3. 

Table  4-19.  Seasonal  Performance  of  a SPPP  Located  at  the  Great  Salt  Lake 


Performance  Parameter  Power  Ratio  j 


Summer/Winter  Output 

1.35 

1 

Winter/Yearly  Output 

0.85 

1 

Sumaer/Yearly  Output 

1.14 

3 

L 


• VIE-  - Zst.  ..  -St  V . .Tu.. 


Table  4-20.  Characteristics  of  Sununer  Peaking  SPPP  (Cases  23  and  24) 


Peak  Power 

Case 

No.  Location/Region  Case  Description  MW(grosa)  MW(net) 


Great  Salt  Lake/ 
Salt  Lake 

5-MW  constant 
peaking  Load 

summer 

5 

3.75 

Great  Salt  Lake/ 
Salt  Lake 

5-MW  variable 
peaking  load 

summer 

5 

3.75 

Detroit/ 
Great  Lakes 

5-MW  constant 
peaking  load 

summer 

5 

3.75 

Detro it/ 
Great  Lakes 

5-MW  variable 
peaking  load 

summer 

5 

3.75 

Average  Summer  Peak 
MU(gross)  MW(net) 

1 


5 3. 

3.33  2 .< 

5 3. 

3.30  2. 


POWER  LEVEL,  MW  POWER  LEVEL,  MW 


• W"  ~ ™ 


6.0 


CALENDAR  TIME 


(a)  CASE  23:  GREAT  SALT  LAKE,  SALT  LAKE  REGION 


! 


Figure  4-6.  Peak-Load  Electric  Power  Generation/Cases  23  and  24,  Power  Output 


Table  4-21.  Comparison  of 
(Case  23)  Pond 

Base-Load  (Case  22)  and 
Efficiencies 

Peak-Load 

Heat  Component 

Base  Load 

Peak  Load 

Losses  to  the  atmosphere 

85* 

87* 

Losses  to  the  ground 

22 

22 

Extracted  heat 

132 

111 

is  reduced  in  the  transport  process.  Some  examples  of  energy  distribution/ 
conversion  subsystem  layouts  are: 

(1)  Space  and  Water  Heating  for  Low-Rise  Apartment  Complexes. 
Figure  4-7  shows  a schematic  layout  for  this  application. 

Each  apartment  unit  has  a fan  coil  unit  to  transfer  thermal 
energy  from  the  transport  fluid  to  air  for  space  heating,  and 
a water  heater  to  produce  domestic  hot  water. 

(2)  Space  and  Water  Heating  for  a 100-House  District.  Figure  4-8 
shows  a possible  arrangement  for  the  energy  distribution  sub- 
system. Each  house  can  have  a fan  coil  unit  and/or  a water 
heater  similar  to  what  is  shown  in  Figure  4-7. 

(3)  Multiple  Farm  Use.  Brine-water  and  brine-air  heat  exchangers 
are  needed  to  transfer  thermal  energy  from  a solar  pond  for 
grain  drying,  farmhouse  and  animal-shelter  heating,  and 
various  hot  water  services.  Figure  4-9  shows  an  example  for 
such  an  application. 

(4)  Electric  Power  Generation.  An  organic  Rankine  power  conver- 
sion system  is  shown  in  Figure  4-10,  with  the  various  com- 
ponents identified.  This  is  typical  of  the  arrangement 
currently  under  design  for  the  Salton  Sea  solar  pond  power 
plant  in  Southern  California. 

(5)  Cooling  and  Refrigeration.  Cooling  demands  coincide  with 
high-insolation  seasons,  and  solar  ponds  can  potentially  be 
utilized  for  cooling  and  refrigeration  purposes.  Several 
methods  can  be  employed  to  effect  cooling  and  refrigeration 
with  solar  ponds;  e.g.,  absorption,  vapor-ejector  driven,  and 
Rankine  cycle-vapor  compression  systems.  However,  the  co- 
efficients of  performance  (COP)  for  these  systems  are  low 
when  source  temperature  is  low,  and  further  R&D  is  required 
to  improve  the  performance  of  these  systems.  Figure  4-11 
shows  an  absorption  air  conditioning  and  refrigeration  system 
using  solar  ponds  as  a heat  source.  Absorption  systems  using 
lithium  bromide-water  or  ammonia-water  as  working  fluid  are 
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Figure  4-7.  Energy  Distribution  Subsystem  for  a Low-Rise  Apartment  Complex 
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Figure  4-9.  Multiple  Use  of  a Solar  Pond  on  a Fans 
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FEED  PUMP 


Figure  4-10.  Electric  Power  Generating  Subsystem 


COOLING  WATER  LOOP 


Figure  4-11.  A Solar  Pond  Absorption  Refrigeration  System 
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RATED  COEFFICIENT  OF  PERFORMANCE 


Figure  4-13.  Solar  Pond  Total  Energy  Systems:  Electricity,  Heating,  and 

Cooling 
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REFRIGERATION  DRIVER  LOOP 


conmercially  available.  To  give  a general  idea  of  the  per- 
formance of  these  systems,  Figure  4-12  shows  the  COP  of  an 
ARKLA  lithium  bromide-water  system  as  a function  of  heat 
source  temperature  for  several  condenser  temperatures. 

Solar  Pond  Total  Energy  System.  An  integrated  solar  pond 
system  generating  thermal  and  electrical  energy  to  serve 
multiple  purposes  under  varied  design  schedules  is  a 
possibility  and  may  have  certain  economic  advantages. 

Figure  4-13  gives  an  example  for  such  an  arrangement. 


4.2.2 


Cost  Data  for  Selected  Distribution  Subsystems 


Component  cost  data  for  a number  of  energy  distribution  subsystems 
were  gathered  via  a telephone  survey  of  several  vendors/manufacturers: 

o Heat  exchanger-related  information: 

Young  Radiator  Company 
American  Standard 
Alfa-Laval 
A.  0.  Smith 

Henry  Vogt  Machine  Company 
Paul  Mueller  Company 

o Pump-related  information: 

Peerless  Pump 
Nagle  Pumps,  Inc. 

Pacific  Pumps 

Bingham-Williamette  Company 
Hayward  Tylar 
Peabody  Howay , Inc . 

Layne  & Bowler,  Inc. 

o Pipe-related  and  miscellaneous  information: 

Johns -Mansvi lie 

State  Pipe  & Supply  Company 

Hope  Corguard,  Inc. 

Ershigs,  Inc. 

Mueller  Company 

A.  0.  Smith-Inland,  Inc. 

In  addition,  piping  network  cost  data  were  also  obtained  from 
Biddle,  et  al,  (1980),  and  Lesse,  et  al,  (1979). 

With  reference  to  Figure  4-7  and  Table  4-12,  Tables  4-22,  4-23, 
and  4-24  tabulate  heat  distribution  subsystem  component  cost  estimates  as 
related  to  space  and  water  heating  applications  of  solar  ponds  in  three 

locations,  i.e.,  Boston,  Massachusetts,  Madison,  Wisconsin,  and  Phoenix. 
Arizona. 
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Table  4-22.  Energy  DisCribution  Subsystem  Cost  Estimates 


Application:  120,000-ft2  Low-Rise  Apartment,  Space  and  Water  Heating, 

Boston,  Massachusetts  (Atlantic  Northeast  Region) 


Components 

Description 

Total 

(U. 

Costs 
S.  $) 

Hot  Brine  Loop 
Pipe 

Heat  Exchanger 
Pump 

2 l/2"4>,  720' 
1.100  x 106  Btu/h 
(550  ft2) 

70  g/m 

15,800 

5.500 

1.500 

(7,900)* 

Subtotal 

22,800 

(14,900) 

Transport  Loop 

Pipe 

Pump 

2 l/2"<£,  600' 
70  g/m 

13,200 

1,000 

(6,600) 

Subtotal 

14,200 

(7,600) 

End-Use  Components 

Pipe 

Heating  Unit 
Water  Heater 
Pump  and  Fan 

120  x (l/2"<£,  20') 
120  x 360  cfm 
120  x 60  gal 
included  above 

38,400 
36 , 000 
36,000 

(19,200) 

Subtotal 

110,400 

(91,200) 

Miscellaneous 

Control  and 
Instrumentation 

13,300 

(11,400) 

Total 

146,500 

(125,100) 

^Numbers  in  parenthesis  are  for  low  cost  (plastic)  pipe 

system. 

i 


t 


i 
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Table  4-23.  Energy  Distribution  Subsystem  Cost  Estimates 

Application:  120,000-ft2  Low-Rise  Apartment,  Space  and  Water  Heating, 

Madison,  Wisconsin  (Great  Lakes  Region) 


FI 


Components 


Description 


Total  Costs 
(U.S.  $) 


Hot  Brine  Loop 
Pipe 

Heat  Exchanger 
Pump 

Subtotal 


3 "<£,  720' 

1.344  x 10&  Btu/h 
(670  ft2) 

90  g/m 


18,000  (9,000)a 
6,700 

2,000 


26,700  (17,700) 


Transport  Loop 

Pipe 

Pump 

Subtotal 

End-Use  Components 
Pipe 

Heating  Unit 
Water  Heater 
Pump  and  Fan 

Subtotal 


3"<fc  600’ 
90  g/m 


120  x (l/2"</>,  20') 
120  x 360  cfm 
120  x 60  gal 
included  above 


15,000  (7,500) 
1,500 


38,400  (19,200) 

43,200 

36,000 


16,500  (9,000) 


117,000  (97,800) 


Miscellaneous 


Control  and 
Instrumentation 

Total 


16,100  (12,500) 

176,900  (137,000) 


Table  4-24.  Energy  Distribution  Subsystem  Coat  Estimates 

Application:  120,000-ft2  Low-Rise  Apartment,  Space  and  Water  Heating, 

Phoenix,  Arizona  (Southwest  Region) 


Components 

Description 

Total  Costs 
(U.S.  $) 

Hot  Brine  Loop 
Pipe 

Heat  Exchanger 
Pump 

1 l/2"<f>,  720' 
0.515  x 106  Btu/h 
(260  ft*) 

35  gm 

4,700 

2,600 

1,000 

(2,400)a 

Subtotal 

8,300 

(5,900) 

Transport  Loop 

Pipe 

Pump 

1 l/2"<#>,  600' 
35  gm 

10,500 

700 

(5,300) 

Subtotal 

11,200 

(5,900) 

End-Use  Components 

Pipe 

Heating  Unit 
Water  Heater 
Pump  and  Fan 

120  x (l/2>,  20' 
120  x 360  cfm 
120  x 60  gal 
included  above 

) 38,400 

12,000 
36,000 

(19,200) 

Subtotal 

86,400 

(67,200) 

Miscellaneous 

Control  and 
Instrumentation 

10,600 

(7,900) 

Total 

116,500 

(86,900) 

aNumbers  in  parenthesis  are  for  low- 

cost  (plastic)  pipe 

system. 

I 
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SECTION  5 


SURVEY  OF  POTENTIAL  MARKET  SECTORS 

5.1  RESIDENTIAL,  COMMERCIAL  AND  INSTITUTIONAL  BUILDINGS  SECTOR 


5.1.1  Energy  Demand  for  Space  Heating/Cooling  and  Hater  Heating 


The  feasibility  of  using  solar  ponds  for  space  heating  was  pointed 
out  early  by  Rabl  and  Nielsen  (1974).  Solar  ponds  also  are  generally  consid- 
ered to  be  well-suited  for  domestic  water  heating.  Solar  ponds  in  most  loca- 
tions can  easily  meet  temperature  requirements  for  both  uses,  as  experiments 
with  field  ponds  have  shown.  Space  cooling  by  solar  ponds,  however,  remains  to 
be  demonstrated.  The  efficiency  (or  COP)  of  a cooling  or  refrigerating  system 
by  low-teraperature  thermal  energy  is  generally  very  low,  although  further 
development  effort  may  bring  about  Improvement.  Among  the  several  ways  solar 
ponds  may  be  used  for  cooling  and  refrigeration  purposes  are  the  absorption, 
vapor-ejector  driven  and  Rankine  cycle-vapor  compression  processes. 

The  residential,  commercial  and  institutional  buildings  sector 
consume  a significant  amount  of  energy,  primarily  in  space  heating,  water 
heating,  air  conditioning,  refrigeration  and  lighting.  Major  types  of  fuels 
consumed  are  electricity,  gas  and  oil.  According  to  data  compiled  by  the  Oak 
Ridge  National  Laboratory,  15.65  quads  of  energy  was  consumed  in  1975  for 
residential  buildings  and  9.2  quads  for  commercial  and  institutional  buildings 
(Tables  5-1  and  5-2).  Table  5-3  breaks  down  the  latter  category  by  building 
type;  retail  and  wholesale  stores,  schools  and  offices  are  the  major  energy 
consumers.  The  24.85  quads  used  in  1975  should  be  compared  with  15.9  quads  for 
1970  and  27.1  quads  for  1979.  The  residential,  commercial  and  institutional 
buildings  sector  in  general  consumes  35  to  37Z  of  the  total  national  energy 
expenditure.  As  can  be  seen  in  Tables  5-1  and  5-2,  space  heating,  cooling  and 
domestic  water  heating  consume  67%  of  the  energy  used  by  the  commercial  and 
institutional  buildings,  and  73%  of  the  energy  used  by  the  residential 
buildings. 


Each  state's  1979  energy  consumption  is  listed  by  end-use  sector 
and  selected  fuel  type  in  Table  5-4.  Here  the  commercial  sector  includes  both 
commercial  and  institutional  buildings.  Except  for  the  transportation  sector, 
solar  ponds  can  be  expected  to  contribute  a meaningful  amount  of  energy  to  the 
remaining  three  sectors,  residential,  commercial  and  industrial.  (The  indus- 
trial sector  is  examined  in  Section  5.2.)  Residential  housing  structures  con- 
sist of  several  types:  single  family  detached,  single  family  attached,  mobile 

homes  and  multi-family  units.  Table  5-5  shows  occupied  housing  units  in  1978- 
1979  by  the  various  categories. 

In  projecting  the  future  energy  demand  of  the  residential,  commer- 
cial and  institutional  buildings  sectors,  it  should  be  noted  that  the  growth 
rate  in  energy  demand  has  dramatically  decreased  in  the  1970s.  The  reduction 
is  due  primarily  to  two  factors:  conservation  and  a decline  in  economic 

growth.  Vhereas  population  and  Income  growth,  and  declining  energy  prices 
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Table  5-1.  Residential  Energy  Use  By  Fuel  and  End  Use  (1975) 
(Expressed  In  quads)a 


End  Use 

Electricity 

Gas 

Oil 

Otherb 

Total 

Space  Heating 

1.36 

3.81 

2.35 

0.54 

8.06 

Water  Heating 

1.05 

0.96 

0.18 

0.05 

2.24 

Refrigerators 

0.92 

0.00 

0.00 

0.00 

0.92 

Freezers 

0.38 

0.00 

0.00 

0.00 

0.38 

Cooking 

0.46 

0.29 

0.00 

0.01 

0.76 

Air  Conditioning 

1.08 

0.00 

0.00 

0.00 

1.08 

Lighting 

0.90 

0.00 

0.00 

0.00 

0.90 

Other 

0.86 

0.45 

0.00 

0.00 

1.31 

Total 

7.01c 

5.51 

2.53 

0.60 

15.65 

aSource:  Energy  Division,  Oak  Ridge  National  Laboratory, 

bother  fuels  include  coal,  coke  and  LPG. 

cEiectrlclty  values  are  in  primary  energy  use:  11,500  Btu/kWh. 

Table  5-2. 

Commercial  and  Institutional 
End  Use  (1975)  (Expressed  in 

Energy  Use  By  Fuel 
quads)3 

and 

End  Use 

Electricity 

Gas 

Oil 

Otherb 

Total 

Space  Heating 

0.33 

1.66 

1.88 

0.12 

3.99 

Air  Conditioning 

1.83 

0.14 

0.00 

0.00 

1.97 

Water  Heating 

0.04 

0.08 

0.10 

0.00 

0.22 

Lighting 

2.09 

0.00 

0.00 

0.00 

0.09 

Other 

0.76 

0.17 

0.00 

0.00 

0.93 

Total 

5.05c 

2.05 

1.98 

0.12 

9.20 

“Source:  Energy  Division,  Oak  Ridge  National  Laboratory, 

bother  fuels  Include  coal,  coke  and  LPG. 

cElectrtclty  values  are  In  primary  energy  use:  11,500  Btu/kWh. 

Table  5-3.  Commercial  and  Institutional  Energy  Use  By 
Building  Type,  1975 


Building  type 

Energy  Use, 
1015  Btu 

Percentage  of 
Total  Energy  Use 

Retail-Wholesale 

2.20 

23.9 

Educational 

1.77 

19.3 

Finance  and  Other  Office 

1.44 

15.7 

Health 

1.08 

11.7 

Hotel-Motel 

0.56 

6.1 

Public  Administration 

0.40 

4.3 

Warehouse 

0.32 

3.5 

Religious 

0.20 

2.8 

Garages  and  Service  Stations 

0.09 

1.0 

Other 

1.08 

11.7 

Total 

9.20 

100.0 

increased  energy  consumption  in  the  buildings  sector  from  10  to  26  quads 
between  1950  and  1973  (an  annual  growth  rate  of  over  7Z),  the  annual  growth 
rate  was  reduced  to  2Z  from  1973  to  1978  (Hartzler,  1980). 


5.1.2 


Building  Energy  Usage  Patterns  and  Solar  Pond  Applicability 


Space  heating  of  buildings  generally  follows  a "winter  peaking" 
load  pattern,  while  space  cooling  follows  a "summer  peaking"  pattern. 

Domestic  water  heating,  on  the  other  hand,  falls  in  the  "baseload"  category  as 
hot  water  need  is  fairly  constant  throughout  the  year.  Figure  5-1  presents 
some  domestic  hot  water  demand  profiles  that  were  studied  by  the  Solar  Energy 
Research  Institute  (SERI)  (Farrington,  et  al,  1980).  The  "RAND  use  profile" 
is  probably  most  typical  of  residential  uses.  These  profiles  assume  that  a 
typical  household  uses  80  gallons  per  day  of  hot  water  at  a temperature  of 
120°F.  Domestic  hot  water  demand  does  not  vary  greatly  with  location; 
however,  space  heating  and  cooling  loads  are  very  sensitive  to  the  climatic 
conditions  of  a region.  Table  5-6  shows  the  heating  and  cooling  loads 
calculated  for  a standard  two-story  ASHRAE  single  family  dwelling  with  1630  ft? 
of  conditioned  floor  space,  as  located  in  the  various  cities  of  the  country. 

It  is  evident  that  the  heating  load  decreases  while  the  cooling  load  increases 

as  the  dwelling  location  changes  from  the  northeast  to  southwest.  (The  pattern 
for  monthly  variation  of  heating  and  cooling  loads  for  all  locations  can  also 
be  discerned  from  Table  5-6).  Table  5-7  and  Figure  5-2  present  the  calculated 

energy  requirements  for  a 30,000-ft?  low-rise  apartment  complex  located  in 

Madison,  Wisconsin;  Table  5-8  and  Figure  5-3  present  the  calculated  energy 
requirement  for  a 50,000-ft?  shopping  center  located  in  Boston,  Massachusetts; 
Table  5-9  and  Figure  5-4  present  the  load  profile  for  a 50-family  housing 
cluster  located  in  Phoenix,  Arizona.  The  "base-load"  profile  for  domestic 
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Table  5-4 


Consumption  of  Energy  Summary,  1979:  Trillion  Btu 
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Source:  U.S.  Department  of  Energy,  1981 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Table  5-4.  Consumption  of  Energy  Summary,  1979:  Trillion  Btua 
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Table  5-5.  Occupied  Housing  Units  by  Region  and  Type  of  Housing  Structure:  1978  to  1979a 


Number  ( 1 ,000 ) 

North- 

North- 

east 

Central  South 

Total  units 

76,604  1 

Single  family  detached 

48,547 

Single  family  attached 

3,128 

7-4  unit  buildings 

10,743 

5 or  more  unit  buildings 

9,151 

Mobile  home 

Other 

Percent  Distribution 
North-  North  - 

Total  east  Central  South  West 


aSource:  U.S.  Energy  Information  Administration,  1980. 

^As  of  winter  1976-1979  excludes  Alaska  and  Hawaii;  covers  year-round  units  only  for  composition  of  regions 
Represents  zero  or  rounds  to  zero. 


Table  5-5.  Occupied  Housing  Units  by  Region  and  Type  of  Housing  Structure:  1978  to  1979® 


Number  ( 1 

,000) 

Percent  Distribution 

Type 

North- 

North- 

North- 

North- 

Total 

east 

Central 

South 

West 

Total 

east 

Central 

South 

West 

Total  units 

20,614 

24,603 

14  ,028 

100.0 

100.0 

100.0 

100.0 

100.0 

Single  family  detached 

48,547 

7,915 

15,493 

16  ,940 

8,199 

63.4 

45.6 

75.2 

68.9 

58.4 

Single  family  attached 

3,128 

1,614 

578 

497 

439 

4.1 

9.3 

2.8 

2.0 

3.1 

2-4  unit  buildings 

10,743 

4,240 

2,795 

2,006 

1,709 

14.0- 

24.4 

13.6 

8.2 

12.2 

5 or  more  unit  buildings 

9,151 

3,112 

793 

2 ,284 

2,961 

11.9 

17.9 

3.8 

9.3 

21.1 

Mobile  home 

4,505 

352 

890 

2,843 

720 

6.3 

2.0 

4.3 

11.6 

5.1 

Other 

228 

130 

65 

33 

c 

.3 

.7 

.3 

.1 

c 

.3 

i 


s 

\ 


aSource:  U.S. 

bAs  of  winter 


Energy  Information  Administration, 
1976-1979  excludes  Alaska  and  Hawaii 


1980. 

; covers  year-round  units  only  for  composition  of  regions. 


a 

\ 

j 


cRepresents  aero  or  rounds  to  zero. 
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Figure  5-1.  Domestic  Hot  Water  Demand  Profiles,  Described  in  Terms 

of  Use  vs  Time  of  Day  (Source:  Farrington,  et  al,  1980) 
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Table  5-6.  Example  of  Monthly  Heating  and  Cooling  Loads  (10^  Btu) 


Boston 

New 

York 

Fort 

Worth 

Santa 

Maria 

Phoenix 

Heating 

Cooling 

Heating 

Cooling 

Heating 

Cool ing 

Heating 

Cool ing 

Heating 

Cooling 

Jan. 

15.78 

0 

13.74 

0 

6.2 

0 

2.47 

0 

2.67 

0 

Feb. 

10.83 

0 

10.95 

0 

2.24 

0.22 

2.22 

0 

1.52 

0 

March 

8.455 

0 

7.4 

0 

1.76 

0.356 

0.25 

0 

0.17 

1.75 

April 

3.55 

0 

0 

0.34 

0 

2.6 

0.09 

0 

0 

4.09 

May 

1.72 

1.78 

2.07 

1.38 

0 

9.79 

0.18 

0.44 

0 

5.85 

June 

0 

6.57 

0 

10.36 

0 

16.78 

0 

0 

0 

16.55 

July 

0 

8.82 

0 

12.1 

0 

20.44 

0 

2.42 

0 

17.47 

Aug. 

0 

8.73 

0 

12.44 

0 

19.32 

0 

2.48 

0 

16.53 

Sept. 

0.215 

2.48 

0 

5.42 

0 

10.01 

0 

2.11 

0 

13.04 

Oct. 

1.65 

0 

0.34 

0.14 

0 

5.80 

0 

1.15 

0 

5.20 

Nov. 

6.91 

0 

4.66 

0 

1.37 

1.35 

0.23 

0.22 

0 

1.51 

Dec . 

13.71 

0 

14.74 

0 

5.10 

0 

1.40 

0 

1.95 

0 

Annual 

62.51 

28.73 

51.14 

36.56 

17.66 

86.68 

6.32 

9.29 

6.32 

82.21 

Total 


Table  5-7.  Suaaary  of  Energy  Requirements  for  a Low-Rise  Apartment, 
30,000  ft  (20  t 30  Units)  Madison,  Wisconsin 


Heating, 
106  Btu 

Hot  Water, 
106  Btu 

Cooling, 
106  Btu 

January 

153.3 

37.4 

0 

February 

124.8 

37.4 

0 

March 

113.7 

37.4 

0 

April 

100.2 

37.4 

0 

May 

45.3 

34.6 

0 

June 

5.4 

32.0 

25.2 

July 

0 

32.0 

35.1 

August 

0 

32. Q 

36.9 

September 

21.0 

34.6 

2.7 

October 

46.2 

37.4 

0 

November 

103.2 

37.4 

0 

December 

165.0 

37.4 

0 

Total 

877.8 

427.0 

99.9 

water  heating,  the  “winter  peaking”  profile  for  space  heating,  and  the  “summer 
peaking"  profile  for  space  cooling  are  evident  from  these  figures  and  tables. 
The  relative  weights  of  heating,  cooling  and  hot  water  loads  bear  out  the 
weather  patterns  In  these  locations  as  expected. 

The  load  profile  significantly  affects  the  design  of  a solar 
pond.  Space  heating  In  colder  regions  normally  will  require  a deep  pond, 
whose  large  storage  capacity  enables  collecting  solar  heat  during  the  summer 
months  for  winter  use.  A pond  designed  primarily  for  space  cooling  in  warmer 
regions  can  be  relatively  shallow,  as  long-term  storage  of  thermal  energy  will 
not  be  required. 

Hot  water  for  household  use  normally  requires  a temperature  from 
120  to  140°F.  Hot  water  for  washing  and  other  sanitary  purposes  such  as  In 
hospitals  and  cafeterias  requires  a temperature  of  180°F.  Conventionally, 
hot  air  circulation  for  space  heating  requires  a temperature  from  90  to 
120°F,  depending  on  the  heating  system  and  circulation  distance.  In  the 
design  of  solar  pond  systems,  a 10  to  20°F  temperature  drop  provision  must 
be  made  for  losses  which  occur  across  a heat  exchanger  and  along  the  transport 
lines.  This  means  that  hot  brine  withdrawn  from  the  pond  must  be  at  least  110 
to  140°F  to  be  useful  for  space  heating,  and  at  higher  temperatures  for 
domestic  water  heating. 

As  for  cooling,  Aqua-ammonia  and  LlBr-t^O  systems  are  presently 
available  for  commercial  absorption  air  conditioning.  Both  prefer  a generator 
temperature  of  higher  than  180°F.  However,  the  LlBr-H20  system  may  work 
at  a generator  temperature  as  low  as  140°F  if  condenser  temperature  lower 
than  80°F  is  available. 
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Table  5-8.  Summary  of  Energy -Requirements  for  « Shopping 
Center  (50,000  ft  j Boston,  Messechusetts 


Heating, 
10*  Btu 

Hot  Hater, 
106  Btu 

Heating  and 
Hot  Hater, 
106  Btu 

January 

876.88 

8.92 

885.80 

February 

765.491 

8.92 

774.41 

March 

658.85 

8.92 

667.77 

April 

388.67 

8.92 

397.59 

May 

172.22 

8.92 

181.14 

June 

21.33 

8.92 

30.25 

July 

0 

8.92 

8.92 

August 

6.32 

8.92 

15.24 

September 

60.04 

8.92 

68.96 

October 

237.79 

8.92 

426.71 

November 

469.25 

8.92 

478.17 

December 

783.66 

8.92 

792.53 

Total 

4440.50 

107.00 

4547.50 

5*1.3  Land  Availability  and  Other  Considerations 

Most  solar  ponds  will  not  be  Insulated  along  the  sides  and  at  the 
bottom.  Heat  losses  through  the  pond  sides  to  the  surrounding  earth  are 
substantial,  especially  for  smaller  ponds.  Consequently,  a very  small  pond  to 
serve  the  energy  needs  of  a single  family  dwelling  Is  not  practical.  A larger 
pond  (at  least  1/3  acre)  serving  a group  of  dwellings  is  preferred;  i.e., 
district  heating.  Also,  retrofitting  existing  buildings  with  solar  ponds  Is 
likely  to  encounter  many  constraints,  such  as  land  availability  and  landscape 
problems.  (See  Appendix  I for  examples  of  land-use  patterns.)  Therefore, 
application  of  solar  ponds  In  developed  areas  will  be  much  more  limited  than 
In  undeveloped  areas.  In  undeveloped  areas,  appropriate  considerations  can  be 
easily  given  to  solar  ponds  during  the  planning  phase  of  a project,  and  solar 
ponds  can  be  Integrated  Into  the  landscape  design.  For  these  reasons,  the 
Benham  Croup  land  survey  has  emphasized  undeveloped  areas  of  a city  and 
land-avallablllty  data  In  the  multl-famlly-dwell lng  sector.  The  Benham  Group 
analysis  assumes  that  342  of  the  undeveloped  land  In  the  commercial  and 
Institutional  buildings  sector  can  be  regarded  as  pond-suitable  land,  while 
the  percentage  for  the  residential  dwellings  3ector  varies  with  region  because 
of  differences  In  local  zoning  regulations.  The  slngle-famlly/multl-family 
breakdown  was  calculated  according  to  the  national  average  of  87  and  13Z  for 
single-  and  multi-family,  respectively.  These  data  are  Included  In  Tables  2-1 
through  2-9,  and  more  detailed  Information  on  the  30  case  study  cities  can  be 
found  In  the  Benham  Croup  report  (1982). 
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Figure  5-3.  Energy  Requirement  for  a 50,000-ft2  Shopping  Center 


5-11 


Table  5-9.  Summary  of  Energy  Requirements  for  a 50-Family  Housing  Cluster, 
Including  Cooling  Requirements,  In  Phoenix,  Arizona 


Heating,  Hot  Hater,  Cooling (Absorption  Air 

10f:  Btu  10*>  Btu  Conditioner  vlth 

COP  - 0.5)  106  Btu 


January 

133.5 

93.5 

0 

February 

76.0 

93.5 

0 

March 

8.5 

93.5 

175.0 

April 

0 

93.5 

405.0 

May 

0 

86.5 

585.0 

June 

0 

80.0 

1655.0 

July 

0 

80.0 

1747.0 

August 

0 

80.0 

1653.0 

September 

0 

86.5 

1304.0 

October 

0 

93.5 

520.0 

November 

0 

93.5 

151.0 

December 

97.5 

93.5 

0 

Total 

316.0 

1067.5 

8221.0 

As  noted  In  Section  2.1.2,  the  deployment  of  solar  ponds  in  the 
buildings  sector  will  be  limited  more  by  land  availability  than  salts  or  water 
resources.  Solar  ponds  for  building  heating/cooling  and  domestic  water 
heating  can  be  much  smaller  than  electricity-generating  ponds,  and  salt 
purchase  is  considered  an  economic  possibility.  The  land-availability 
information  derived  from  the  Benham  Group  study  is  useful  for  a regional 
assessment,  but  a site-specific  survey  will  be  required  in  developing  any 
specific  project. 

5.1.4  Potential  for  Solar  Ponds  in  the  RCI  Buildings  Sector 

The  regional  energy  consumption  in  the  residential,  commercial  and 
institutional  (RCI)  buildings  sector  was  computed  from  the  1979  data  base  as 
glvi.i  in  Table  5-4  and  tabulated  in  column  (1)  of  Table  5-10.  According  to 
Tables  5-1  and  5-2,  the  energy  consumed  in  space  heating/cooling  and  water 
heating  is  73  and  67%  of  the  total  RCI  consumption  for  the  residential  and 
commercial  (including  Institutional)  buildings,  respectively.  An  average  of 
70%  is  thus  applied  to  the  column  (1)  figures  to  derive  the  regional  energy 
consumption  for  building  space  heating/cooling  and  domestic  water  heating, 
shown  in  column  (2)  of  Table  5-10.  Using  an  annual  growth  rate  of  2%  as 
discussed  in  Section  5.1.1,  consumption  for  the  year  2000  is  projectt'i  and 
listed  in  column  (3)  of  Table  5-10. 

Clearly,  pond  potential  in  the  RCI  buildings  sector  will  not  be 
limited  by  energy  need,  but  by  the  availability  of  resources,  especially 
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Table  5-10.  Year  2000  Projection  of  Energy  Consumption  and  Estimation  of  Pond  Potential  in  the 
Residential,  Commercial  and  Institutional  Buildings  Sector 


Region 

(1) 

1979 

RCI 

Consumption, 

quads 

(2) 

1979 

Space  & Water 
Heat ing/Cool ing , 
quads 

(3) 

2000 

Projection 
Space  6 Water 
Heating/Cooling, 
quads 

(4) 

Estimated 

Land 

Availability, 

acre 

(5) 

Average  Pond 
Thermal  Output 
at  60 °C , 
10^Btu/acre/yr 

(6) 

Estimated 
Pond  Potential 
in  RCI  Sector, 
quads 

Pacific  Northwest 

l.Od 

0.76 

1.13 

58,797 

3.86 

0.23 

Salt  Lake 

1.44 

1.01 

1.50 

10,279 

5.59 

0.06 

Southwest 

2.07 

1.45 

2.16 

37,403 

7.64 

0.29 

Black  Hills 

0.60 

0.42 

0.63 

8,961 

3.06 

0.03 

Red  River 

2.62 

1.83 

2.73 

197,131 

5.48 

1.08 

Great  Lakes 

6.45 

4.52 

6.73 

76,303 

2.70 

0.21 

Tennessee  Valley 

4.11 

2.88 

4.29 

135,133 

4.67 

0.63 

Gulf  Coast 

3.21 

2.25 

3.35 

57,433 

5.07 

0.29 

Atlantic  Nortneast 

5.46 

3.82 

5.69 

183,992 

2.42 

0.45 

Alaska 

0.06 

0.04 

0.06 

b 

0.00 

b 

Hawa i i 

0.04 

0.03 

0.04 

b 

7.00 

b 

Puerto  Rico 

a 

a 

a 

b 

7.10 

b 

U.S.A. 

27.14 

19.00 

28.31 

763,432 

3.27 

information  not  available. 
^Not  estimated. 

\ 
l : 


f 
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low-cost  land.  Consequently,  the  Benham  Group  land-survey  results  (presented 
in  Section  2.1.2)  are  used  for  estimation.  The  following  assumptions  are  made 
in  using  the  Benham  Group  "pond-suitable  land"  (PSL)  data  (Tables  2-10  and 
2-11):  68%  of  the  undeveloped  multi-family  PSL,  32X  of  the  undeveloped  single- 

family PSL,  and  36X  of  the  undeveloped  commercial  and  institutional  PSL  will  be 
considered  as  actually  available  for  pond  construction.  Several  remarks  must 
be  made  here:  (1)  Only  undeveloped  land  is  considered,  and  retrofitting  ponds 

in  developed  areas  is  excluded  from  this  estimate;  (2)  the  Benham  Group  has 
taken  fractions  of  the  undeveloped  acres  in  their  estimation  of  undeveloped 
PSL,  e.g.,  34X  for  the  commercial  and  institutional  categories,  and  15  to  46X 
for  the  residential  category  depending  on  the  region;  (3)  the  further  reduc- 
tions of  68%,  32Z  and  36X  made  here  reflect  an  added  conservatism  to  account 
for  other  possible  land  usage  and  the  unsuitability  of  certain  housing  develop- 
ment patterns  to  incorporate  solar  ponds.  The  varying  weights  reflect  the 
expectation  that  more  ponds  will  be  built  for  multi-family  complexes  than  for 
commercial,  institutional  and  single-family  residential  buildings. 
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Applying  the  above  assumption  on  the  Benham  Group  data  (Tables  2-10 
and  2-11),  estimates  on  available  land  for  pond  construction  are  computed  for 
each  region  and  listed  in  column  (4)  of  Table  5-10.  These  are  multiplied  by 
the  average  regional  pond  thermal  outputs,  which  were  calculated  through  the 
performance  analyses  in  Section  3.2  and  which  are  tabulated  in  column  (5)  of 
Table  5-10,  to  obtain  the  pond  potential  estimates  for  the  RCI  buildings 
sector,  presented  in  column  (6).  As  shown  in  the  table,  the  Red  River  region 
possesses  the  highest  potential,  1.08  quads/yr,  followed  by  the  Tennessee 
Valley  and  Atlantic  Northeast  regions.  The  total  potential  in  the  RCI 
buildings  sector  for  the  year  2000  is  estimated  to  be  3.27  quads/yr.  "Pond 
potential"  will  be  defined  and  discussed  in  Section  7.2. 
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5.2  INDUSTRIAL  PROCESS  HEAT  SECTOR 

5.2.1  Survey  Methodology 

There  are  different  definitions  of  the  term  "industry."  In  many 
of  the  U.S.  sector  projections  of  energy  consumption,  industry  includes 
agriculture,  mining,  and  manufacturing.  In  other  documents,  industry  is  just 
the  manufacturing  sector.  For  this  report,  the  term  industry  includes  just 
the  manufacturing  sector,  Standard  Industrial  Classification  (SIC)  Code 
Categories  20-39.  Mining  is  not  included  in  any  of  the  quantitative 
evaluations  of  industrial  potential  for  solar  ponds,  but  it  is  included  in 
some  qualitative  discussions  in  this  report. 

This  section  will  focus  on  the  potential  demand  for  solar  ponds  to 
provide  low-temperature  industrial  process  heat.  Existing  information  was  used 
whenever  possible,  with  selected  telephone  interviews  to  provide  supplemental 
data  when  needed.  Solar  pond  use  for  other  than  thermal  process  heat 
applications  was  only  qualitatively  examined.  It  is  not  included  in  the 
estimate  of  potential  demand. 
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To  examine  the  rather  large  industrial  data  base  for  processes 
where  solar  ponds  might  provide  thermal  energy,  the  following  criteria  were 
emphasized t 

(1)  Industries  with  thermal  energy  requirements  less  than 
200°F. 

(2)  Industries  with  sufficient  need  for  low-temperature  thermal 
energy  that  even  if  all  cost-effective  conservation  were 
done,  primary  energy  would  still  be  required  to  provide  the 
low-temperature  thermal  energy.  There  was  insufficient  dsta 
to  disaggregate  energy  use  in  this  manner.  Only  some  food 
processing,  furniture,  and  leather  products  industries 
appear  to  meet  this  requirement. 

(3)  Industries  located  outside  of  Standard  Metropolitan 
Statistical  Areas  (SMSA).  It  is  assumed  that  land  area 
would  more  likely  be  available  outside  SMSAs. 

(A)  Industries  that  already  use  ponds  within  the  industrial 
operation  for  such  purposes  as  waste  holding,  aeration, 
settling,  tailing,  and  disposal.  Where  existing  ponds  were 
present,  the  conversion  or  integration  with  a solar  pond 
could  be  an  economic  incentive  for  early  solar  pond  use. 
Therefore,  the  location  and  number  of  current  pond  sites 
were  examined  and  any  other  characteristics  which  appeared 
pertinent. 

(5)  Industries  located  in  areas  with  higher  levels  of  insolation. 

(6)  Manufacturing  processes  that  produce  salts  or  brine  as 
by-products. 

In  order  to  assess  the  feasibility  of  using  solar  ponds  in 
industrial  applications,  the  following  steps  were  taken. 
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5. 2. 1.1  Assessing  and  Acquiring  the  Appropriate  Data.  A considerable 
amount  of  research  and  investigation  on  industrial  energy  consumption  has  been  j 

undertaken  since  the  inception  of  the  U.S.  Department  of  Energy.  Three  ! 

primary  types  of  data  sources  were  used  in  this  study: 

(1)  Previous  industrial  energy  surveys  and  specific  solar  IPH 
studies  including  the  Inter technology  (1977)  Report,  SERI 
Market  Characterization  (Ketels  and  Reves,  1979),  and 
Insights  West  Surveys  (Insight  West,  1980;  Wilson,  et  al, 

1980). 

» 

(2)  The  1976  Annual  Survey  of  Manufacturers,  Industrial  Fuels 
and  Electric  Energy  Consumed  (U.S.  Bureau  of  Census,  1979). 
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(3)  The  Environmental  Protection  Agency  (EPA)  Impoundment  (pond) 
data.l 

In  addition,  telephone  interviews  with  selected  industries  and  other 
researchers  in  the  field  were  conducted. 

The  three  primary  data  sources  are  not  entirely  consistent  with 
each  other.  Data  were  collected  for  different  purposes,  spanned  different 
years,  and  applied  different  standards.  The  Annual  Survey  of  Manufacturers 
was  completed  for  all  manufacturing  firms  having  at  least  10  full-time 
employees;  thus,  virtually  all  manufacturing  firms  were  included  in  this 
data.  The  EPA  impoundment  study  was  completed  on  all  known  industrial  ponds, 
including  manufacturing,  agriculture,  mining,  and  municipal  ponds.  However, 
the  EPA  findings  have  not  yet  been  released  in  their  entirety.  Consequently, 
only  the  most  cursory  aggregate  data  on  the  number  and  state  location  of  the 
ponds  at  national  and  state  level  was  available. 

Finally,  the  government-sponsored  research  studies  on  industry 
have  used  Census  of  Manufacturer's  data  as  input  to  their  analyses.  However, 
the  particular  year's  input  figures  have  varied  depending  on  when  the  studies 
were  done  and  which  census  year  was  used.  As  mentioned  previously,  this 
report  covers  only  SIC  Codes  20-39.  It  does  not  consider  the  agricultural, 
mining  or  construction  industries,  SIC  Codes  01-19.  Although  no  specific 
documentation  of  low-temperature  energy  use  was  found  for  the  mining  industry, 
studies  at  JPL  show  that  there  could  be  potentially  new  innovative  uses  for 
ponds  (Carpenter,  et  al,  1981).  The  uses  are  highly  site-  and  process- 
specific.  Therefore,  no  attempt  was  made  to  quantify  the  potential  as 
insufficient  data  were  available  to  estimate  the  energy  requirements  for  such 
applications. 


5.2.1.?  Screening  Thermal  Energy  Requirements  in  Industry  by  Threo-Digit 

SIC  Code  Category.  To  determine  the  process  temperatures  and  the 
ratio  of  low/high  or  low/total  energy  consumed  by  industry,  the  1977  ITC 
report  and  the  1980  SERI  Market  Characterization  (Ketels,  1979)  reports  were 
used.  From  the  total  list  of  industries  in  SIC  Code  20-39,  those  industries 
with  thermal  processes  under  200°F  were  abstracted.  Although  the  list  is 
not  exhaustive,  it  covers  the  majority  of  known  low-temperature  process  heat 
uses  in  those  manufacturing  industries. 

Once  the  processes  were  listed,  the  1976  U.S.  Census  of  Manufac- 
turers (U.S.  Bureau  of  Census,  1979)  was  used  to  determine,  by  3-digit  SIC 
code,  those  industries  with  low-temperature  process  heat  requirements;  the 
total  and  thermal  energy  consumed  by  state;  the  amount  of  total  and  thermal 
energy  consumed  by  Standard  Metropolitan  Statistical  Area  (SMSA);  and,  by 
subtracting  the  thermal  energy  consumed  within  the  SMSAs  from  the  total 
thermal  energy  consumed  by  state,  the  total  non-SMSA  energy  consumption  in  the 
industrial  sector. 


^Data  Supplied  by  Mr.  Charles  Kleeman,  Groundwater  Protection  Section, 
Environmental  Protection  Agency,  Region  III,  Philadelphia,  Pennsylvania 


The  1977  ITC  report  was  used  to  determine  at  the  3-digit  SIC  Code 
level,  the  ratio  of  low-temperature  thermal  energy  to  total  thermal  energy  for 
those  industries  with  less  than  200°F  thermal  energy  requirements*  The 
ratio  of  200°F  energy  to  total  thermal  energy  was  then  used  to  calculate  for 
each  state  the  number  of  Btu  used  In  that  temperature  range  for  each  3-dig It 
SIC  Code  category. 


5. 2. 1.3  Assessing  Characteristics  of  Industry.  Each  industrial  sector  is 

characterized  by  its  unique  productive  processes  and  energy  demand  profiles. 
These  were  examined  as  far  as  information  was  available.  Particular  attention 
was  paid  to  existing  ponds  and  land  area  availability.  To  determine  the 
potential  Impact  of  existing  ponds,  an  EPA  survey  on  waste  disposal  ponds  or 
Impoundments  was  used  (see  Footnote  1).  Undertaken  in  1977-78,  this  survey 
was  done  for  all  sectors  of  the  economy  including  the  Industrial,  municipal, 
mining  and  agricultural  sectors.  It  is  the  only  known  national  assessment  of 
existing  ponds  that  has  been  undertaken,  completed,  and  documented  by  all  50 
states.  However,  the  EPA  findings  are  still  under  review.  Therefore,  only 
rough  data  were  obtained.  California  and  Nevada  were  the  only  states  with 
data  available  in  any  detail  (State  of  Nevada,  1979;  Casamajor,  1980). 

Land  area  availability  is  particular  to  a specific  firm  and  the 
data  are  neither  aggregated  in  any  SIC  code  fashion,  nor  reflected  in  the 
Census  energy  consumption  figures.  Therefore,  a measure  had  to  be  found  that 
could  be  used  to  draw  some  rough  assumptions  about  energy  and  land  area 
availability.  The  SMSA,  non-SMSA  bifurcation  was  used  as  that  rough  measure. 

SMSAs  are  urban  nodes  and  are  generally  built  up.  Land  costs  are 
high  and  land  is  highly  utilized.  The  SMSA  classification  is  based  on  density 
assumptions  of  urban  development.  Density  is  the  number  of  people  or 
buildings  per  unit  of  land  area.  It  was  assumed  that  sufficient  land  area  for 
solar  ponds  was  less  likely  to  be  available  within  SMSAs,  and  that  land  was 
more  likely  to  be  available  in  non-SMSA  areas.  Whether  the  soil  conditions  or 
terrain  were  suitable  for  solar  ponds  was  not  examined. 

SMSA  energy  consumption  is  only  documented  by  a 2-digit  SIC  Code. 
Therefore,  to  determine  how  much  SMSA  thermal  consumption  is  low  temperature, 
the  following  ratio  was  used: 

[State  total  low-temperature  energy! 

use  by  3-dlglt  SIC  code  Category  J 

[State  total  thermal  energy  consumed  at  the! 

2-digit  level  of  the  same  SIC  Code  category] 

That  ratio  or  percentage  was  multiplied  by  the  2-diglt  SMSA  thermal  con- 
sumption figure  to  arrive  at  the  amount  of  low-temperature  thermal  energy 
consumed  within  the  SMSA.  This  last  figure  was  then  subtracted  from  the  total 
state  low-temperature  thermal  energy  consumption  to  arrive  at  the  non-SMSA 
energy  consumed  at  less  than  200°F.  The  ratio  of  3-digit  to  2-digit  energy 
consumption  in  each  2-dlgit  category  was  assumed  to  be  the  same  for  the  SMSA 
and  non-SMSA  cases.  For  those  SMSAs  which  crossed  state  boundaries,  the  SMSA 
was  assigned  to  a particular  state  and  the  calculations  performed  in  the  same 
manner . 


There  ere  many  factors  not  taken  into  consideration  such  as  those 
urban  industries  that  have  significant  amounts  of  land.  For  example,  in  the 
chemical  industry  land  may  be  used  as  a buffer  between  a plant  and  the  sur- 
rounding community.  Also,  open  space  is  a feature  in  many  of  the  never  indus- 
trial park  developments  and  might  be  available  for  solar  pond  sites.  Likewise, 
non-urban  land  might  be  highly  productive  agricultural  land  or  mountainous 
terrain  and  not  available.  However,  limited  by  the  scope  of  the  study,  these 
factors  were  not  quantified,  but  were  recounended  for  future  site-specific 
study. 


5. 2. 1.4  Evaluating  Solar  Pond  Potential.  Regional  solar  pond  potential  was 
finally  evaluated  based  on  energy  consumption  and  other  characteristics  of  each 
industrial  sector,  and  regions  of  high  solar  pond  applicability  were  indicated. 


5.2.2  Thermal  Energy  Use  in  Industry 

Industry  consumed  12.6  x 10*5  gtu  of  energy  (thermal  and 
electric)  in  1976,  of  which  10.5  x 10*5  gtu  was  for  purchased  fuels  (U.S. 
Bureau  of  Census,  1979).  Purchased  fuels  included  industrial  process  heat, 
feedstock  and  fuel  used  to  generate  on-site  electricity. 

There  are  19  categories,  SIC  Code  classifications  20-39,  in  the 
industrial  sector,  within  which  energy  use  varies  considerably.  As  shown  in 
Table  5-11,  the  top  six  SIC  Code  industries  consume  80Z  of  all  industrial 
energy. 


Just  as  energy  is  concentrated  in  a few  industries,  the  location 
of  the  top  energy-consuming  industries  is  also  concentrated.  Over  60Z  of  all 
U.S.  industrial  manufacturing  is  found  in  three  geographic  regions  as  repre- 
sented by  the  shaded  areas  in  Figure  5-5.  California  consumes  10Z  of  total 
industrial  energy  use;  Texas,  Louisiana  and  Alabama,  32Z;  and  the  Northcentral 
and  Northeast  consume  22Z.  The  remaining  38Z  is  dispersed  throughout  the  U.S. 
The  concentrations  depend  on  patterns  of  urban  development,  proximity  to 
markets,  transportation,  and  the  availability  of  raw  materials,  labor  and 
energy  resources.  All  these  factors  will  impact  the  cost  of  energy  to  an 
industry  and  to  the  ultimate  potential  for  solar  ponds. 

Note  that  around  40Z  of  the  industrial  energy  is  consumed  in  areas 
that  have  greater  than  500  Btu/ft^/day  of  useful  energy.  These  areas  will 
most  likely  be  the  early  areas  of  solar  pond  interest  and  construction. 

Extensive  surveys  of  industrial  energy  use  have  been  conducted 
(Energy  and  Environmental  Analysis  Inc.,  1978;  Ultrasystems  Inc.;  U.S.  Depart- 
ment of  Energy,  1978)  as  well  as  specific  market  studies  of  the  potential  for 
particular  solar  technologies  (Battelle  Columbus  Laboratories,  1977; 
Intertechnology  Corp.,  1977;  Insights  West,  1980;  Wilson,  et  al,  1980; 
Barbieri,  1978).  Although  electrical  energy  consumed  differs  between  plants 
only  in  the  type  of  current  (ac  or  dc)  and  amount  used,  thermal  energy  varies 
in  temperature,  form  (hot  air,  hot  water,  steam)  and  quantity.  The  tempera- 
tures required  by  industrial  process  are  generally  defined  as  low,  medium  and 
high.  Low  temperatures  are  under  212°F;  medium  are  212  to  550°F;  high 
temperatures  are  over  550°F.  Steam  is  the  most  common  medium  of  heat 
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Table  5-11.  Proceaa  Heat  Requirements  in  Major  Induatrial  Group*,  1976 


SIC  Thermal  Energy  Use 

Code  Industrial  Group  (10**  Btu/yr) 

12  3 4 

33  Primary  Metals  — - 

29  Petroleum  and  Coal  Products  

28  Chemicals  and  Allied  Products  

26  Paper  and  Allied  Products  

32  Stone,  Clay  and  Glass  Products  

20  Food  and  Kindred  Products  

22  Textile  Mill  Products  

25  Lumber  and  Wood  Products  — 


transfer,  often  producing  the  hot  water,  while  direct  combustion  is  used  to 
produce  hot  air.  The  form  of  the  energy  used  depends  on  the  process  and  the 
kind  of  energy  sources  available.  As  shown  in  Figure  5-6,  7Z  of  the  energy 
consumed  is  less  than  212°F,  23Z  is  between  212  to  550°F  and  the  remaining 
70Z  is  over  550°F. 

Mot  all  low-temperature  industrial  requirements  need  to  be  met 
with  primary  energy,  i.e.,  fuel  which  is  burned  to  produce  the  low-temperature 
heat.  The  requirements  can  often  be  met  through  conservation  and  improved 
energy  management.  Since  most  of  the  previously  mentioned  studies  were 
completed,  industry  has  undertaken  considerable  conservation  measures. 

Increased  equipment  and  plant  maintenance  (such  as  better  insulation, 
condensate  return,  cascading,  cogeneration,  and  process  changes  which  may 
eliminate  the  energy  requirement  all  together)  are  a few  of  the  ways  industry 
has  reduced  their  energy  needs.  Between  1972  and  1980,  industry  reduced 
per-unit-of-output  energy  consumption  by  a substantial  15. 4Z  (U.S.  Department 
of  Energy,  1980).  To  what  extent  this  has  altered  patterns  of  energy  use  or 
the  distribution  of  energy  use  between  low,  medium  and  high  temperature,  has 
not  been  evaluated. 

Low-temperature  requirements  exist  in  many  industries,  particularly 
if  preheating  of  boiler  feedwater  is  included  (Appendix  J,  Section  3). 

Although  there  are  a small  number  of  low-temperature  processes,  they  are  found 
in  many  different  kinds  of  manufacturing  plants.  Past  industrial  studies  have 
focused  on  those  industries  which  have  high  total  energy  use.  In  the  future, 
industries  with  high  percentages  of  low-temperature  requirements  but  small 
consumption  should  also  be  explored.  Small  industrial  consumers  may  well 
provide  potential  for  near-term  applications  for  solar  technologies.  Both 
large  and  small  industrial  energy  users  are  essential  for  the  fullest 
development  of  solar  pond  technology. 
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I'se.  (Shaded  area  represents  three  geographical 
nanufactur ine  is  found.) 


PERCENT  OF  TOTAL  PROCESS  HEAT  DEMAND 


TEMPERATURE  RANGE  (°F) 
SOURCE:  INTERTECHNOLOGY  (1977) 


Figure  5-6.  Thermal  Energy  Consumption  in  Industry  by  End-Use  Temperature 


Of  industrial  energy  demand  in  SIC  Codes  20-39*  68%  is  for  process 
heat  (Brown*  1980)*  used  as  hot  water*  hot  air*  steam,  or  direct  fire  heat. 
About  3%  (0.8  quads)  used  is  less  than  212°P.  The  percentage  will  be  less 
for  solar  pond  applications  because  170  to  200°F  rather  than  212°P  is  the 
upper  limit  of  heat  delivered  by  solar  ponds  to  the  load. 

Table  5—12  lists  the  industries  having  production  processea  whose 
energy  requirements  could  be  met  by  a solar  pond.  The  majority  are  in  the 


Table  3-12.  Industries  with  Thermal  Processes  Less  Than  200°F* 


SIC 

Industry 

Process 

°F 

20 

Food  Processing 

201 

Meat  Products 

Scalding*  clean-up 

140-160 

202 

Dairy  Products 

Condensing*  evaporstion 

160-200 

203 

Preserved  Fruits 

Drying*  blanching*  heating 

160-200 

204 

Grain  Mill  Products 

Drying,  water  heating 

120 

205 

Bread  and  Baked  Goods 

Air  heating 

100 

206 

Sugar 

Evaporation*  heating 

140-200 

207 

Fats  and  Oils 

Drying*  heating 

120-180 

208 

Beverages 

Washing*  water  heating 

170 

25 

Furniture 

Drying 

150 

26 

Paper  and  Allied  Products 

Pulp  refining 

120 

28 

Chemicals 

282 

Plastics*  Synthetics 

Washing*  drying 

120-200 

283 

Drugs 

Heating 

150 

284 

Soap 

Various 

180 

29 

Petroleum  Refining 

Oil  tank  heating 

150 

31 

Leather 

Tanning*  drying 

80-140 

32 

Stone.  Clay  and  Glass 

327 

Concrete,  Gypsum 

Hot  water,  block  curing 

120-190 

33 

Primary  Metals 

332 

Iron  and  Steel  Foundaries 

Pickling 

110-212 

•This 

heat 

represents  only  the  selected  industries  with  low-temperature 
requirements. 

process 
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food  processing  industry,  with  the  rest  scsttsrod  throughout  sevorsl  indus- 
tries. Low-temperature  onorgy  is  used  for  hosting  voter  for  washing,  rinsing, 
plating  end  storage  tanks}  baking}  process  nixing  end  steea  generation  for 
vets,  cookers,  ailling}  end  boiler  feedwater  or  (take-up  (Wilson,  et  el,  1980). 

Pood  processing  is  by  far  the  largest  single  consumer  of  low- 
teaperature  energy  in  the  United  States:  nearly  294  trillion  Btu  or  roughly 

47Z  of  all  the  lowtempereture  energy.  As  shown  in  Table  5-13,  chemicals  and 
paper  follow,  consuming  143  and  120  trillion  Btu,  or  23  end  19Z,  respectively. 
The  remaining  four  low-teaperature  therael  energy  industries  (primary  metals} 
furniture}  stone,  clay  end  glass}  and  leather)  consume  the  remaining  11Z. 
Overall,  630  trillion  Btu  are  consumed  in  the  United  States  under  200°F. 
Although  this  is  an  imprecise  number,  it  is  within  10Z  of  the  results  of  the 
1980  SBR1  solar  ponds  study  (Jeyedev,  1980). 


5.2*3  Pond-related  Characteristics  of  Industrisl  Processes 

5.2.3. 1 Food  Processing  (8IC  20).  Food  processing  is  the  largest  low- 

teaperature  energy  consumer.  This  industry  uses  most  of  its  energy  under 


Table  5-13.  Ranking  of  U.S.  Industries  By  Low-Temperature  Energy  Use 
(1012  Btu)* 


Industries 

200°F 

Energy 

Use 

Top  State  Consumers 

Food  Processing  (SIC  20) 

293.8 

California,  Illinois,  Iowa 

Chemicals  (SIC  28) 

142.6 

Texas,  Louisiana 

Paper  and  Allied  Products 
(SIC  26) 

120.4 

Wisconsin,  Alabama,  Georgia 

Primary  Metals  (SIC  33) 

30.9 

Pennsylvania,  Ohio,  Indiana 

Furniture  (SIC  25) 

17.7 

South  Carolina 

Stone,  Clay  and  Class  (SIC  33) 

15.8 

Pennsylvania,  Ohio,  Texas 

Leather  (SIC  31) 

9.2 

Wisconsin,  Massachusetts, 
Pennsylvania 

Total 

630.4 

•This  represents  only  the  selected 
heat  requirements. 

industries  with  low-temperature  process 
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350°F,  with  a significant  portion  under  200°F.  Meat  packing  and  dairy 
products  are  two  processes  where  over  50Z  of  the  1PH  requirements  are  less 
than  200°F.  Although  food  processing  meets  many  criteria  for  applicability 
of  ponds , two  factors  should  be  considered:  Food  processing  firms  tend  to  be 

near  their  markets  for  ease  of  product  delivery,  so  many  firms  are  in  urban 
areas  where  sufficient  land  area  is  not  likely  to  be  available.  In  addition, 
certain  food  processing  operations  and  their  energy  demands  are  seasonal, 
which  may  increase  a firm's  resistance  to  new,  capital-intensive  investments 
because  of  the  shorter  period  over  which  the  costs  can  be  amortized. 

Food  processing,  however,  is  the  only  SIC  Code  category  found  in 
all  states  of  the  country.  Even  though  Alaska's  and  Puerto  Rico's  consumption 
are  not  shown  because  the  quantity  of  energy  consumed  is  not  statistically 
significant,  food  is  grown  and  harvested  there  also.  As  shown  in  Table  5-14, 
over  half  of  the  total  low-temperature  thermal  energy  consumption  in  the  food 
processing  industry  is  within  the  Great  Lakes  region  (125  trillion  Btu).  On  a 
state-by-state  basis,  however,  California  is  the  largest  single  food 
processing  state,  followed  by  Illinois  and  Iowa.  Details  of  state  energy 
consumption  by  SIC  Code  can  be  found  in  Appendix  J,  Section  1. 

SIC  Code  207,  Fats  and  Oils,  also  offers  an  opportunity  for  a solar 
pond  application  (Barbieri,  et  al,  1978;  French  and  Barbiera,  1978).  Although 
the  thermal  energy  requirements  have  not  been  quantified  in  this  study  because 
of  insufficient  data,  the  temperature  requirements  are  within  the  range  of  a 


Table  5-14.  Regional  Distribution  of  1976  Thermal  Energy  Use 
Less  Than  200°F  (1012  Btu)a 


Region 

20 

23 

SIC  Code  Category 
26  28  31 

32 

33 

Total 

Great  Lakes 

125.0 

3.9 

31.2 

22.0 

2.9 

4.6 

19.4 

209.0 

Tennessee  Valley 

.77.9 

8.0 

13.9 

46.3 

0.3 

3.4 

2.3 

102.1 

Atlantic  Northeast 

31.3 

3.1 

26.3 

21.7 

6.0 

2.2 

4.2 

94.8 

Gulf  Coast 

23.1 

0.8 

36.8 

25.0 

0 

1.7 

2.3 

89.7 

Red  Rivev  Valley 

20.6 

0.8 

2.6 

22.6 

0 

1.4 

1.4 

49.4 

Southwest 

20.6 

0.9 

1.8 

2.8 

0 

0.9 

0.7 

27.7 

Salt  Lake 

16.9 

0 

3.2 

2.2 

0 

0.5 

0.2 

22.0 

Pacific  Northwest 

14.4 

0.2 

5.6 

0 

0 

0.8 

0.4 

21.4 

Black  Hills 

13.4 

0 

0 

0 

0 

0.3 

0 

13.7 

Hawaii 

0.6 

0 

0 

0 

0 

0 

0 

0.6 

Alaska 

0 

0 

0 

0 

0 

0 

0 

Puerto  Rico 

0 

0 

0 

0 

0 

0 

0 

0 

Total 

293.8 

17.7 

120.4 

142.6 

9.2 

15.8 

30.9 

630.4 

aThis  represents  only  the  selected  industries  with  low-temperature  process 
heat  requirements. 


solar  pond  and  should  be  investigated  in  more  detail.  Large  tanks  are  aimilar 
in  site  to  oil  storage  tanks  are  used  to  store  vegetable  oil  and  must  be 
heated  prior  to  processing.  Vegetable  oils  such  as  coconut  oil  and  palm  oil 
are  brought  in  by  tanker-car  or  ship,  and  pumped  into  holding  tanks.  Because 
many  of  these  oils  solidify  at  aofoient  temperatures,  the  oil  must  be  heated  in 
order  to  pump  it  into  the  plant  for  processing.  Currently,  the  tanks  are 
heated  by  circulating  hot  water  through  coils  in  the  bottom  of  the  tanks  for 
approximately  2 days  before  pumping  the  oil  into  the  plant.  The  temperatures 
required  are  85  to  120°F  depending  on  the  type  of  oil  being  processed.  As  a 
year-round  application,  tank  heating  could  provide  a good  market  for  solar 
ponds. 


5. 2. 3. 2  Furniture  & Fixtures  (SIC  25).  SIC  25  uses  little  energy,  but  in 
certain  manufacturing  processes,  all  the  energy  consumed  is  less  than  93°C. 
For  both  wooden  (SIC  2511)  and  upholstered  (SIC  2515)  furniture,  150°F  air 
is  the  only  thermal  energy  requirement  and  is  used  to  dry  the  wooden  frames. 
Virtually  all  the  furniture  is  manufactured  in  South  Carolina. 


5. 2. 3. 3  Paper  and  Allied  Products  (SIC  26).  Pulpers  are  machines  in  which 
pulp  and  water  is  heated  to  120  to  150°F,  mixed  up,  and  then  fed  into  the 
paper-  or  paperboard-making  equipment.  Steam  is  injected  directly  into  the 
pulpers  to  create  the  120  to  150°F  required.  In  one  paper  mill  steam 
injection  accounted  for  33%  of  the  total  energy  consumed. 

Paper  and  paperboard  mills  are  located  in  a number  of  states. 
Wisconsin  is  the  largest  user  of  low-temperature  process  heat  in  this  category, 
but  the  bulk  of  the  production  is  in  the  southeast.  Maine,  Washington,  and 
Pennsylvania  round  out  the  top  10  consumers  in  this  industrial  category.  The 
urban  location  of  many  paper  and  paperboard  mills,  however,  may  reduce  the 
feasibility  of  ponds  because  of  land  area  constraints. 

Pulp  mills  do  not  appear  to  be  good  applications  of  ponds.  There 
are  considerable  waste  by-products  from  the  raw  pulping  process.  With  good 
conservation  and  utilization  of  this  indigenous  resource,  little  primary 
energy  for  low-temperature  heat  will  probably  be  required.  Pulp  mills  also 
tend  to  be  located  near  their  source  of  raw  material,  in  wooded  areas  where 
the  terrain  may  not  be  suitable  for  a pond.  Only  in  isolated  instances  will 
this  offer  a good  pond  situation. 


5. 2. 3. 4  Chemicals  and  Allied  Products  (SIC  28).  The  chemical  industry  is 
the  second  largest  consumer  of  low-temperature  heat,  using  23%  or  142.6 
trillion  Btu  in  1976.  It  has  three  processes  where  low-temperature  heat  is 
used:  the  production  of  plastic  materials  and  synthetics,  the  production  of 

drugs,  and  the  manufacture  of  soaps,  cleansers  and  toilet  goods.  The  low- 
temperature  energy  generally  is  supplied  as  part  of  the  steam  boiler 
operation,  or  as  heated  air  for  drying  processes. 

Although  over  40%  of  all  chemical  manufacturing  is  in  Texas  and 
Louisiana,  those  chemical  manufacturers  that  produce  products  using  low- 
temperature  thermal  energy  are  found  relatively  equally  distributed  between 
Texas,  Tennessee,  Virginia,  South  Carolina  and  states  of  the  Atlantic  Northeast. 
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The  chemical  industry  has  expressed  an  interest  in  solar  ponds  for 
two  reasons:  One,  they  have  many  existing  ponds  which  might  be  converted  to 

or  used  as  solar  ponds;  two,  they  often  have  significant  amounts  of  land 
around  their  plants  even  in  an  urban  area,  from  the  buffer  zone  often  required 
between  the  plants  and  surrounding  neighborhoods. 


5. 2. 3. 5 Leather  (SIC  31).  Like  furniture  manufacturing,  leather  and 

leather  products  (SIC  31)  are  a small  energy  user  within  the  total  industrial 
sector.  They  consume  roughly  IX  or  92  x l(p2  fitu/yr  of  low- temperature 
process  heat.  However,  over  60X  of  the  thermal  energy  they  consume  is  less 
than  200°F.  There  are  only  a few  pockets  of  production,  primarily  in 
Wisconsin,  Pennsylvania  and  Massachusetts.  Manufacturing  tends  to  be  in  SMSAs. 
Althou  h energy  costs  may  be  high  in  the  areas  where  leather  goods  are  manufac- 
tured, insolation  levels  are  not.  However,  Leather  Products  is  a highly 
competitive  industry  and  faces  a great  deal  of  overseas  competition.  If  a 
near-term,  low-cost  application  for  ponds  can  be  found,  it  could  benefit  the 
industry. 


5. 2. 3. 6 Stone,  Clay  and  Glass  (SIC  32)  ar.d  Primary  Metals  (SIC  33).  SIC 

32  and  33  are  two  of  the  highest  energy  consumers  in  the  industrial  sector. 

In  both  cases  there  is  a tremendous  amount  of  excess  heat  from  higher 
temperature  that  could  be  recovered  and  used  to  meet  low-temperature 
requirements.  However,  there  are  particular  products  which  could  be  good 
candidates.  SIC  2271  uses  hot  water  at  180°F  for  curing  concrete  blocks, 
and  SIC  2273  uses  hot  air  for  drying  aggregate  for  ready-mix  concrete.  Both 
tend  to  operate  away  from  the  high-temperature  facilities.  They  are  both 
small  consumers  of  energy  compared  to  their  industry  as  a whole.  Much  of 
their  production  appears  to  be  outside  SMSAs  and  thus  should  have  land  area 
available.  Although  a significant  portion  of  both  industries  is  found  in  the 
Great  Lakes  region  where  insolation  levels  are  not  as  high,  there  is  a large 
concentration  also  found  in  California  and  Texas. 

Finally,  pickling  of  steel  and  iron  (SIC  33)  offers  a good  pond 
application,  but  like  stone,  clay  and  glass  (SIC  32),  there  are  high- 
temperature  processes  available.  The  real  potential  needs  to  be  further 
investigated.  This  industry  is  heavily  concentrated  in  the  urban  areas  of  the 
Great  Lakes  and  Atlantic  Northeast  regions.  Consequently,  land  availability 
may  preclude  any  substantial  solar  pond  use. 


5. 2. 3. 7 Other . Petroleum  refining  is  another  low-temperature  application 

which  appears  to  be  highly  suitable  for  solar  ponds.  However,  in  the 
literature  there  is  no  breakout  or  estimation  of  either  the  temperature 
required  or  the  quantity  of  energy  involved  in  this  potential  application.  As 
with  the  vegetable  oil  tank  heating,  there  is  tank  heating  in  the  petroleum 
refining  process.  For  certain  types  of  crude  oil,  the  oil  needs  to  be  heated 
to  150°F  before  it  can  be  pumped.  There  is  an  excess  of  low-teraperature 
heat  in  the  petroleum  refining  industry  because  of  the  substantial  amount  of 
high-temperature  energy  used  in  the  manufacturing  process.  If  cascaded  and 
the  waste  heat  used,  the  higher  temperature  energy  can  provide  all  the  lower 
temperature  requirements.  However,  it  appears  that  there  are  farms  where  a 
large  number  of  oil  tanks  are  kept.  While  excess  energy  is  available  at  the 


5-27 


refineries,  the  tank  faros  are  often  remotely  located.  Consequently,  they  do 
not  have  access  to  the  cascaded  higher  temperature  thermal  energy  produced  by 
the  petroleum  refining  process  itself.  Therefore,  solar  ponds  could  provide  a 
competetive  energy  source  for  tank  heating. 

There  may  be  other  industries  with  low-temperature  demands.  As 
one  report  found  (Insights  West,  1980)  over  SOX  of  the  firms  used  hot  water 
somewhere  in  their  manufacturing  process.  However,  the  amount  is  often  not 
significant  enough  to  show  up  in  normal  data-gathering  materials.  As  ponds 
become  more  widely  used,  previously  undocumented  applications  will  emerge. 


5.2.4  Existing  Ponds  and  Land  Use 

Existing  ponds  and  land  use  are  two  factors  which  could  heavily 
influence  solar  pond  usage  in  industry.  Land  is  a necessity  for  solar  ponds. 
The  present  of  existing  ponds  could  also  produce  an  economic  incentive  if 
there  was  potential  to  convert  them  to  or  use  them  as  solar  ponds. 


5.2.4. 1 Existing  Ponds.  To  determine  the  magnitude  of  the  potential 
existing  pond  resource,  an  Environmental  Protection  Agency  (EPA)  survey  on 
waste  disposal  ponds  or  impoundments  was  utilised.  As  part  of  a study 
undertaken  in  1977-78,  this  survey  yielded  data  for  the  industrial,  municipal, 
mining  and  agricultural  sectors.  It  is  the  only  known  national  assessment  of 
existing  ponds  that  has  been  undertaken,  completed  and  documented  by  all  50 
states.  However,  the  EPA  results  are  still  under  review  and  only  rough  data 
was  obtained.  California  (Ling,  1978)  and  Nevada  (State  of  Nevada,  1979)  were 
the  only  states  with  information  available  in  any  detail.  Thus,  there  were 
insufficient  data  to  determine  the  size  of  the  existing  ponds,  the  amount  of 
discharge  into  them,  the  chemical  content  of  the  liquid,  whether  they  were 
still  in  use  or  abandoned,  and  many  other  factors.  However,  the  results  do 
show  that  there  are  tremendous  numbers  of  existing  ponds  or  pond  sites  spread 
through  all  industries.  They  could  be  an  important  factor  to  a particular 
firm  in  assessing  feasibility  of  solar  ponds. 

According  to  the  EPA  data,  176,500  impoundments  used  to  hold 
liquids  were  in  existence  at  nearly  77,800  different  sites  in  1977-78.  The 
average  number  of  ponds  per  site  is  2.3.  Table  5-15  lists  the  impoundments  by 
sectors  of  the  economy.  Nearly  37X  of  all  impoundments  are  in  the  oil  and  gas 
industry  followed  by  21Z  in  the  municipal  and  nearly  15Z  in  the  industrial 
sector.  However,  the  EPA  classifications  do  not  coincide  with  the  previously 
used  Census  of  Manufacturers  information.  Some  of  the  oil  and  gas  industries 
would  fall  within  the  Census  Bureau's  mining  sector  and  others  within  the 
industrial  sectors.  However,  interpreting  the  data  loosely  we  can  see  that  a 
sizable  number  of  ponds  are  within  the  industrial  sphere,  which  includes  both 
mining  and  industrial  manufacturing.  Industrial  mining  and  oil  and  gas 
impoundments  constitute  nearly  65X  of  all  waste  disposal  impoundments. 

EPA  also  identified  over  4,700  abandoned  ponds.  The  vast  majority 
of  these  (70Z)  occur  within  the  same  three  industrial,  mining,  and  oil  and  gas 
categories.  This  could  be  potentially  beneficial  to  solar  pond  development, 
in  that  an  abandoned  pond  might  easily  be  converted  without  disturbing  the 
actual  operation  of  a firm.  But  without  knowing  the  contents  of  the  abandoned 
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Table  5-15.  Existing  Impoundments  by  Economic  Sectors 


Sector 

Number  of 
Impoundments 

Percentage 
of  Total 

Agriculture 

19,169 

10.9 

Municipal 

36,179 

20.5 

Industrial  (Manufacturing) 

25,820 

14.6 

Mining 

24,451 

13.9 

Oil  and  Gas 

64,951 

36.8 

Other 

5,745 

3.3 

Total 

176,315 

100.0 

ponds,  their  ownership  status,  and  their  specific  locations  vis-a-vis  the 
plant  site,  it  is  difficult  to  know  the  extent  of  this  resource. 

On  a state-by-state  basis,  four  states  have  almost  half  the  waste 
disposal  ponds  in  the  United  States  (45Z)  (Table  5-16).  Of  these, 

Pennsylvania  has  the  greatest  number  and  has  nearly  twice  as  many  as  New 
Mexico,  Ohio,  or  Texas,  the  next  three  states.  The  largest  use  for  these 
ponds  is  in  oil  and  gas  and  mining.  On  a regional  basis,  five  of  the  top  10 
states  occur  in  the  sunbelt  regions:  New  Mexico,  Texas,  California,  Arkansas, 
and  Florida.  Many  of  these  ponds  are  for  mining  or  oil  and  gas  production. 

As  with  existing  ponds  in  general,  the  extent  to  which  any  of  these  ponds 
could  be  converted  to  or  used  as  a solar  pond  installation  is  not  known.  The 
magnitude  of  the  potential  land  area  involved  in  existing  and  abandoned  ponds, 
however,  is  significant  enough  and  dispersed  enough  throughout  industry  that 
further  investigation  is  warranted. 


5. 2. 4. 2 Land  Use.  Solar  ponds  are  land-intensive  and,  unlike  other  solar 
technologies,  require  flat  land  area.  Without  investigating  every  firm  in  the 
industrial  sector,  there  is  no  way  to  determine  the  total  amount  of  flat-land 
area  available  near  a particular  manufacturing  process.  However,  land  is  more 
likely  to  be  available  to  industries  located  outside  of  urban  areas.  Examina- 
tion of  low-temperature  energy  use  by  region  and  by  use  inside  or  outside 
SMSAs  leads  to  some  suggestions  as  to  where  solar  ponds  may  have  greater 
potential . 


Energy  consumption  data  is  collected  by  Standard  Metropolitan 
Statistical  Area.  Low-temperature  energy  not  consumed  within  a SMSA  is 
assumed  to  be  consumed  in  a non-SMSA.  As  shown  in  Table  5-17,  57%  of  all 
low-temperature  energy  is  consumed  in  non-SMSA  areas  with  the  remaining  43% 
within  SMSAs.  For  all  but  four  regions,  over  60%  of  the  low-temperature 
energy  is  consumed  in  non-SMSA  areas.  Of  the  four  with  energy  consumption 
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Table  5-16.  States  Having  the  Largest  Number  of  Ponds 


State  Number  of  Ponds  Dominant  Type  of  Ponds 


Pennsylvania 

34,224 

60Z 

- 

oil  and  gas;  16Z  - mining 

New  Mexico 

17,746 

86Z 

- 

oil  and  gas 

Ohio 

16,357 

77Z 

- 

mining 

Texas 

10,740 

51Z 

- 

oil  and  gas 

California 

7,577 

45Z 

- 

municipal;  27Z  - oil  and  gas 

Arkansas 

6,806 

84Z 

- 

oil  and  gas 

Illinois 

6,677 

46Z 

- 

oil  and  gas 

Florida 

5,610 

63Z 

- 

municipal 

Missouri 

4,683 

45Z 

- 

agricultural;  44Z  - municipal 

Oklahoma 

4,538 

49Z 

- 

oil  and  gas;  30Z  - municipal 

greater  in  SMSAs,  three  of  the  regions  (Red  River  Valley,  Southwest  and  the 
Salt  Lake)  have  highly  dense  urban  areas  surrounded  by  large  areas  of  less 
developed  land.  Therefore,  it  is  conceivable  that  even  though  the  energy 
consumption  is  higher  within  the  SMSAs  in  these  three  regions,  the  density  of 
surrounding  land  may  be  low  enough  that  land  area  may  be  available  for  ponds. 

In  the  Atlantic  Northeast  only  39Z  of  the  energy  is  consumed  in 
non-SMSA  areas.  Being  the  most  heavily  populated  area  in  the  United  States, 
it  is  more  likely  that  there  would  not  be  available  land  area  for  any  sizable 
usage  of  solar  ponds. 

The  Gulf  Coast  region  has  the  greatest  percentage  of  energy 
consumed  in  non-SMSA  areas.  In  addition,  it  has  areas  of  high  insolation.  It 
could  have  a fairly  high  potential  for  solar  pond  development. 

The  Pacific  Northwest  and  Black  Hills  also  have  over  70X  of  their 
low-temperature  thermal  energy  consumption  in  non-SMSA  areas.  Because  the 
Black  Hills  region  has  little  dense  urban  development,  solar  ponds  should  find 
little  difficulty  in  being  accepted  if  insola^on  and  other  economic  factors 
were  favorable. 

In  the  Pacific  Northwest,  another  situation  occurs.  The  greatest 
percentage  of  energy  is  consumed  in  food  processing  and  the  paper  industries. 
Although  there  is  poor  insolation  in  the  western  areas  of  Washington,  Oregon 
and  Idaho,  and  che  terrain  is  heavily  wooded  and  mountainous,  these  areas 
warrant  further  investigation.  For  example,  the  eastern  half  of  Washington 
and  Oregon  and  the  southern  part  of  Idaho  are  basically  high  plains  or 
semi-desert . They  have  a relatively  high  level  of  insolation,  and  also  a 
sizable  amount  of  food  processing.  With  changes  occurring  in  the  price  and 
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Table  5-17.  Regional  Distribution  by  SMSA/Non-SMSA  of  1976  Thermal 
Energy  Use,  200°F  in  10^  Btua 


Regional 

SMSA 

non-SMSA 

Total 

Great  Lakes 

80.8 

128.2 

209.0 

Tennessee  Valley 

38.3 

65.0 

103.3 

Atlantic  Northeast 

58.2 

36.6 

94.8 

Gulf  Coast 

22.8 

67.2 

90.0 

Red  River  Valley 

26.7 

22.7 

49.4 

Southwest 

20.6 

7.1 

27.7 

Salt  Lake 

15.9 

6.1 

22.0 

Pacific  Northwest 

6.2 

15.2 

21.4 

Black  Hills 

3.5 

10.2 

13.7 

Hawaii 

0.2 

0.4 

0.6 

Alaska 

0 

0 

0 

Puerto  Rico 

0 

0 

0 

Total 

273.7 

358.7 

631.9 

aThis  represents  only  the  selected 
heat  requirements. 

industries 

with  low-temperature 

process 

availability  of  alternative  forms  of  energy,  solar  pond  development  may  have 
significant  future  potential. 

Both  the  Great  Lakes  and  Tennessee  Valley  regions  have  just  a 
little  over  60%  of  their  energy  consumed  in  non-SMSA  areas.  The  nature  of  the 
specific  terrain  varies  considerably  in  this  region  as  does  the  level  of 
insolation.  It  is  much  more  difficult  to  estimate  the  land  availability  here. 

Certain  industries  tend  to  be  located  mostly  in  SMSA  or  mostly  in 
non-SMSA  areas.  For  example,  primary  food  processing  such  as  fruit  drying 
occurs  in  agricultural  areas,  close  to  the  raw  materials.  Secondary 
processing  such  as  preserves,  bread  and  bakery  products,  milk  pastur ization 
and  fluid  milk  processing,  tend  to  be  located  in  urban  areas  near  their 
markets.  Although  a significant  portion  of  stone,  clay  and  glass  (SIC  33)  and 
primary  metals  (SIC  32)  are  located  in  urban  or  urban  fringe  areas,  those 
industries  with  low-temperature  energy  requirements,  e.g.,  concrete  block 
curing  and  foundaries,  are  often  in  non-SMSA  locations. 

Like  the  food  processing  industry,  the  paper  industry  (SIC  26)  has 
both  SMSA  and  non-SMSA  processing.  The  primary  processing  of  the  wood 
products  occurs  in  non-SMSA  areas.  This  portion  of  the  manufacturing  process 
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also  consrmes  the  least  amount  of  lowtemperature  energy,  and  is  located  in 
terrain  unsuitable  for  solar  ponds.  Secondary  processing  plants  where  taper 
products  are  manufactured,  e.g.,  tissue  paper,  boxes,  and  paper  towels,  tend 
to  occur  in  SMSA  areas.  Like  the  food  processing  industry,  these  are  located 
near  the  markets  for  their  products.  Chemicals,  furniture,  and  leather  do  not 
appear  to  be  biased  toward  urban  or  non-urban  areas.  The  furniture  industry 
is  located  near  its  raw  isaterials  which  are  found  in  South  Carolina.  Leather 
is  more  of  an  urban  industry  and  therefore  tends  to  be  within  SMSA  areas.  The 
chemical  industry  tends  to  be  heavily  concentrated,  particularly  in  Texas  and 
Louisiana,  and  no  particular  SMSA/non-SMSA  bias  appears  to  exist. 

Lawrence  Livermore  Laboratory  (LLL)  surveyed  the  impact  of  land 
use  on  solar  industrial  process  heat  for  the  food  processing  industry 
(Casamajor,  1980).  The  LLL  study  examined  land  use  of  1330  food  processing 
plants  in  the  far  western  United  States  (Arizona,  California,  Hawaii,  Oregon 
and  Washington)  to  determine  the  available  surface  area  of  each  plant  and 
assess  each  plant's  potential  for  solar  energy  utilization.  LLL  was  able  to 
identify  those  industries  having  the  highest  potential  for  applying  solar 
energy  to  their  process  heat  loads.  The  study  included  manufacturing 
processes  with  temperatures  under  350°F. 

Although  the  results  of  the  LLL  study  cannot  be  applied  nationwide 
and  did  not  concern  solar  ponds  specifically,  they  give  a good  sense  of  the 
land  area  problem.  LLL  determined  that  about  25Z  of  the  energy  used  for  food 
processing  in  the  study  area  could  be  supplied  by  solar  if  all  the  available 
surface  area  at  and  adjacent  to  the  plants  was  devoted  to  solar  collectors. 
Table  5—18  lists  the  top  10  potential  4-digit  SIC  Code  groups  that  appeared  to 

have  sufficient  land  area  to  provide  at  least  25Z  of  their  energy  requirements 
with  solar.  As  Table  $-19  shows,  over  50Z  of  the  plants  had  sufficient 
surface  area  to  meet  at  least  50Z  of  the  total  thermal  energy  requirements, 
i.e.,  those  under  3$0°F.  Direct  comparisons  cannot  be  drawn  to  solar  ponds 
from  this  study  because  roof  area  is  included  as  well  as  south  facing,  sloping 
land.  However,  the  study  somewhat  supports  the  arbitrary  SMSA/non-SMSA  bifur- 
cation used  in  this  report. 


S.2.S  Regional  Sumaary 

The  regional  distribution  of  lowtemperature  energy  use  in 
industry  corresponds  heavily  with  the  overall  geographical  location  of  total 
industrial  energy  use,  but  there  are  some  differences.  Whereas  64Z  of  all 
industrial  energy  is  consumed  in  three  regions  of  the  country  (see  Figure  5-5), 
over  73Z  of  all  low-temperature  energy  is  consumed  in  those  same  geographical 
areas  (Figure  5-7).  In  addition,  states  such  as  Minnesota,  Iowa,  West 
Virginia,  and  the  Gulf  Coast  states,  also  are  large  consumers  of 
low-temperature  thermal  energy. 

The  two  regions  which  consume  nearly  50Z  of  all  low-temperature 
energy  are  the  Great  Lakes  and  Tennessee  Valley  regions  (see  Table  5-14), 
which  include  16  states.  Virtually  all  industries  with  lowtemperature  energy 
requirements  are  found  in  these  two  regions.  States  with  the  largest  concen- 
tration of  lowtemperature  requirements  are  Illinois,  Michigan,  and  Pennsylvania, 
followed  by  New  York  and  Ohio.  In  the  Great  Lakes  region,  food  processing 
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Table  5-18.  Top  10  SIC-Groups  That  Have  Sufficient  Land  For  Solar 
Development  in  the  Far  Western  U.S.  (LLL  Study)8 


SIC 

No.  of 
Plants 

Annual  Energy 
Consumption 
(1012  Btu) 

Acres  of 
Clear 
Surface 

Description 

2033 

62 

4.45 

489 

Canned  fruits  & vegetables 

2063 

4 

2.89 

442 

Beet  sugar 

2034 

21 

2.46 

300 

Dehydrated  fruits,  vegetables,  soups 

2011 

57 

1.60 

225 

Meat  packing  plants 

2037 

37 

1.83 

209 

Frozen  fruits  & vegetables 

2084 

27 

1.21 

184 

Wines,  brandy  & brandy  spirits 

2051 

65 

1.51 

175 

Bread,  cake  & related  products 

2026 

52 

1.62 

166 

Fluid  milk 

2099 

40 

1.20 

159 

Food  preparations,  N.E.C. 

2086 

80 

0.96 

143 

Bottled  & canned  soft  drinks 

aSource 

: Casamajor,  1980. 

Table  5-19. 

Overall  Solar  Fraction  (LLL  Study)3 

Limits  on 

Energy 

Solar 

Collector 

Solar 

No.  of 

Consumption 

Contribution 

Area 

System  Size 

Plants 

109  Btu 

106  Btu 

(acres) 

No  limits 

520 

17.5 

10.0 

1,266 

50Z-99Z 

145 

6.8 

3.2 

372 

25Z-49Z 

134 

6.4 

1.8 

183 

25% 

533 

33.5 

1.8 

217 

Total 

1332 

64.2 

16.8 

2,038 

aSource:  Casamajor,  1980. 
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Figure  5-7.  Regional  Location  of  Low-Temperature 


(SIC  20)  is  Che  largest  energy  consumer.  Within  the  Tennessee  Valley,  the 
greatest  percentage  of  energy  is  consumed  in  the  chemical  industry  (SIC  28) 
followed  by  food  processing  (SIC  20)  and  paper  and  allied  products  (SIC  26). 

In  the  Atlantic  Northeast,  which  also  includes  Vermont,  New 
Hampshire  and  Maine,  food  processing  (SIC  26),  paper  and  allied  products  (SIC 
26)  and  chemicals  (SIC  28)  fairly  evenly  comprise  the  three  largest  energy 
users. 


Within  the  Gulf  Coast  region,  the  energy  also  is  consumed  in  three 
major  SIC  Code  categories:  food  processing  (SIC  20),  paper  (SIC  26)  and 

chemicals  (SIC  28).  Chemical  processing  occurs  primarily  in  Louisiana.  The 
remaining  areas  are  primarily  paper  and  paper-products  processing. 

In  the  Red  River  Valley,  Texas  has  the  most  industrial  activity  of 
the  three  states.  At  the  total  thermal  energy  consumption  level,  Texas  uses 
the  greatest  amount  of  energy  in  chemical  production.  At  the  low-temperature 
range,  food  processing  (SIC  20)  and  chemicals  (SIC  28)  are  d'^st  equal. 
Together  they  comprise  over  90%  of  all  the  energy  consumed  in  this  region. 

In  the  remaining  regions  of  the  country  (Southwest,  Salt  Lake, 
Pacific  Northwest,  Black  Hills,  and  Hawaii)  food  processing  (SIC  20)  is  the 
largest  single  consumer  of  low-temperature  thermal  energy.  The  one  exception 
is  in  the  Pacific  Northwest,  where  paper  and  allied  products  (SIC  26)  consume 
a sizable  portion  of  low-temperature  energy  as  well. 

As  stated  earlier,  Alaska  and  Puerto  Rico  also  have  food 
processing.  However,  the  amount  of  energy  consumed  in  industry  in  those  two 
regions  is  not  statistically  significant  and  hence  has  not  been  included  in 
this  report. 


In  summary,  630  trillion  Btu  of  low-temperature  energy  was 
consumed  in  1976  in  the  industrial  sector  (see  Tables  5-14  and  5-17).  Of  this 
amount,  57Z  is  urban  (273.7)  and  43%  is  rural  (358.7).  Roughly  50%  is 
consumed  in  two  regions  of  the  country:  the  Great  Lakes  and  the  Tennessee 

Valley.  In  those  areas,  over  60%  of  the  low- temperature  energy  is  in  non-SMSA 
areas.  However,  specific  terrain  and  topological  characteristics  may  reduce 
the  amount  of  potential  area  that  would  be  usable  for  solar  ponds. 

The  areas  of  highest  insolation  are  the  Southwest  and  the  Red 
River  Valley.  In  these  areas  food  processing,  stone,  clay  and  glass,  and 
chemical  processing  are  the  primary  industries.  If  the  next  area  of  higher 
insolation  is  included,  the  Gulf  Coast  and  paper  and  furniture  manufacturing 
have  potential. 

Food  processing  and  chemicals  together  account  for  70%  of  low- 
temperature  thermal  energy  consumption  in  the  United  States  (see  Table  5-13). 
Those  industries  are  concentrated  in  California  and  Texas.  When  the  areas  of 
next  higher  insolation  are  included,  the  third  highest  low-temperature 
energy-consuming  industries  are  included.  These  top  three  industries  account 
for  89%  of  the  low-temperature  energy  and  all  have  sections  of  concentration 
in  areas  of  high  insolation.  Given  the  results  from  the  Lawrence  Livermore 
Laboratory  study  on  land  use  in  the  food  processing  industry,  and  data 
presented  in  the  foregoing  sections,  one  scenario  for  early  solar  activity  in 
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the  industrial  sector  is  to  focus  on  the  food  processingt  chemical  and  paper 
products  industries  in  the  Southwest,  Red  River  Valley  and  Gulf  Coast  regions. 
In  addition,  nearly  half  of  the  existing  impoundments  can  be  found  in  the 
regions  of  highest  or  next  highest  insolation. 

Like  any  other  solar  thermal  resource,  solar  ponds  will  probably 
find  their  early  smrkets  in  areas  of  high  insolation.  Early  industrial  sector 
activity  will  probably  occur  in  California,  Texas,  Louisiana  and  some  of  the 
Gulf  Coast  states,  in  the  food  processing  or  chemical  industries.  Although  a 
small  energy  consumer,  the  furniture  manufacturing  industry  in  South  Carolina 
should  not  be  ignored;  because  all  of  the  energy  it  consumes  is  under  200°F, 
offers  a prime  target  for  the  low-temperature  energy  generated  by  a solar  pond. 


5.3  AGRICULTURAL  PROCESS  HEAT  SECTOR 

5.3.1  Introductory  Remarks 

The  United  States  is  indisputably  the  world  leader  in  agricultural 
production.  This  enormous  production,  combined  with  the  highly  mechanised 
agricultural  operations,  results  in  considerable  energy  consumption  for 
agricultural  purposes.  According  to  statistics,  the  1977  agricultural  energy 
consumption  was  about  3Z  of  the  total  national  energy  consumption.  The  types 
of  energy  used  in  agriculture  includes  electricity,  natural  gas,  LP  gas,  fuel 
oil,  diesel  oil,  gasoline,  and  coal. 

Agricultural  energy  is  used  in  two  major  categories:  crop 

operations  and  livestock  operations.  The  total  U.S.  agricultural  energy  use 
for  each  state  and  each  market  region  are  shown  in  Table  5-20  according  to 
fuel  types  and  total  Btu  value  (Federal  Energy  Agency,  1976;  Federal  Energy 
Agency,  1977).  The  total  Btu  value  amounts  to  2.014  x 10^  Btu/yr.  The 
energy  use  related  to  crops  only  and  livestock  only  are  similarly  shown  in 
Appendix  K;  their  Btu  values  are  1.790  x 10^  Btu/yr  and  0.224  x 10^  Btu/yr, 
respectively.  In  each  category,  there  are  several  different  operations,  and 
each  consumes  different  types  of  energy.  Some  can  possibly  be  replaced  by 
solar  pond  energy;  others  cannot  be. 

The  energy  needs  that  could  possibly  be  supplied  by  solar  ponds 
for  each  category  will  be  identified  here,  and  the  details  of  their 
applications  and  market  sizea  will  be  presented  in  the  subsequent  sections. 

The  crop  operstions  category  includes  planting,  fertilizer-related 
activities,  irrigation,  harvesting,  crop  drying,  greenhouse  operations  and 
many  others,  those  suitable  for  energy  supplies  from  solar  ponds  are  the 
following: 

(1)  Crop  Prying.  Crop  drying  requires  low-temperature  thermal 
energy  for  the  removal  of  moisture  from  the  crops. 

(2)  Irrigation  Pumping.  Irrigation  is  mainly  the  pumping  of 
surface  or  underground  water;  therefore,  solar  pond  thermal 
energy  generally  has  to  be  converted  into  either  shaft  power 
or  electricity  before  it  can  be  used  to  serve  irrigation 
purposes. 
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Table  5-20.  Agricultural  Energy  Consumption:  Agriculture  (Total) 


1 


Regions/States 

Energy  Use 

and  Fuel  Types 

Casol ine, 
103  gal 

Diesel , 
103  gal 

LP  Cas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity, 
106  kWh 

Total , 
ID9  Btu 

Pacific  Northwest  Region 

77128 

173817 

194387 

13407 

1442 

24 

7383 

86975 

Washington 

4300 

31742 

7297 

7954 

318 

3948 

37571 

Ore ;on 

30731 

23670 

6504 

7453 

232 

1698 

20991 

Idano 

42097 

41277 

6769 

892 

24 

1731 

28413 

Salt  Lake  Region 

153220 

145011 

2 5009 

24947 

8673 

1984 

3769 

91719 

Northern  Calitornia 

78685 

83092 

12470 

24256 

2867 

2665 

54918 

Northern  Nevada 

4149 

4265 

995 

52 

201 

2160 

Utah 

14831 

11817 

3014 

322 

1984 

391 

6936 

Colorado 

50136 

45838 

8531 

691 

5437 

513 

27635 

Southwest  Region 

133862 

123197 

32908 

30219 

32887 

19 

5526 

12119 

Southern  California 

78685 

83092 

12470 

24256 

2867 

2665 

5498d 

Southern  Nevada 

4149 

4265 

995 

52 

201 

2160 

Ar i Eona 

24181 

16530 

1301 

5963 

14676 

15 

2198 

36162 

New  Mexico 

26847 

19310 

16142 

15297 

4 

462 

27888 

Black  Hills  Region 

430670 

487149 

193757 

43 

13481 

236 

15679 

240753 

Montana 

58538 

29419 

5861 

334 

41 

260 

23811 

Wyoming 

17576 

14249 

1758 

122 

10 

227 

7523 

North  Dakota 

124088 

98404 

5793 

3 

111 

45 

185 

43302 

South  Dakota 

89022 

104390 

31326 

15 

150 

140 

246 

37898 

Nebraska 

141446 

240687 

149219 

25 

12764 

1280 

128219 

Red  River  Region 

517106 

379950 

133793 

10331 

229018 

2779 

353000 

Kansas 

148982 

136263 

45002 

15 

21847 

402 

98457 

Ok  1 ahoma 

10 3933 

62026 

21462 

6532 

285 

51327 

Texas 

264191 

181661 

67329 

10316 

66246 

2092 

203216 

4 

4 
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Table  5-20.  (Cont'd) 
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Regions/States 

Energy  Use 

and  Fuel  Types 

Gasoline, 
10 1 gal 

Diesel, 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Cas,  Coal, 
106  it3  ton 

Electricity,  Total, 

106  kWh  109  Btu 

Great  Lakes  Region 

1367165 

616061 

553031 

10838 

3354 

2573 

5149 

509739 

Minnesota 

244160 

109489 

89909 

215 

366 

314 

937 

96458 

Iowa 

328274 

164581 

143390 

186 

549 

249 

1243 

135043 

Wisconsin 

177800 

45097 

46578 

170 

410 

1126 

53898 

Illinois 

268529 

129635 

138738 

122 

325 

391 

704 

123275 

Michigan 

85409 

48629 

21787 

6405 

383 

356 

37184 

Indiana 

143900 

66999 

73929 

168 

206 

990 

398 

70436 

Ohio 

119093 

51631 

38700 

3572 

1115 

629 

385 

53445 

Tennessee  Valley  Region 

465142 

348235 

325933 

59314 

4726 

15090 

1914 

260414 

Missouri 

139758 

75767 

46097 

254 

453 

464 

63576 

Arkansas 

71302 

94618 

57400 

2886 

310 

48232 

Kentucky 

59364 

34449 

15912 

1351 

238 

568 

227 

26861 

Tennessee 

50444 

37817 

10668 

521 

318 

916 

165 

24850 

West  Virginia 

9129 

4281 

2817 

833 

7 

1423 

36 

4367 

Virginia 

33328 

27455 

29635 

8378 

96 

4898 

166 

72057 

North  Carolina 

66060 

56668 

142808 

47158 

632 

7285 

380 

55927 

Maryland 

25408 

11526 

13516 

491 

96 

119 

10257 

Delaware 

10349 

5704 

7080 

318 

47 

4287 

i 


i 

i 
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Regions/ States 

Energy  Use 

and  Fuel  Types 

Gasoline, 
103  gal 

Diesel , 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas, 
106  ft3 

Coal , 
ton 

Electricity, 
106  kWh 

Total, 
109  Btu 

Gulf  Coast  Region 

320595 

358388 

157319 

141147 

3618 

7590 

1362 

211505 

Louisiana 

48003 

68594 

10537 

2251 

138 

30567 

Alabama 

38589 

37562 

24011 

426 

203 

184 

23701 

Mississippi 

56679 

70876 

19792 

503 

333 

179 

37159 

Georgia 

68673 

62624 

54878 

9466 

718 

7276 

316 

4203 

South  Carolina 

29847 

30232 

26163 

9259 

73 

314 

117 

20333 

Florida 

78805 

88500 

21998 

121493 

40 

428 

57706 

Atlantic  Northeast  Region 

191221 

77693 

36721 

11639 

719 

5100 

1303 

72339 

Pennsylvania 

74030 

32903 

18681 

2562 

435 

3780 

459 

28677 

New  Jersey 

15078 

6893 

1758 

58 

1 

50 

5140 

New  York 

74952 

29002 

11594 

4291 

283 

1320 

526 

27437 

Vermont 

8555 

1536 

2322 

27 

87 

3191 

New  Hampshire 

1850 

591 

436 

90 

21 

767 

Massachusetts 

4220 

1894 

985 

721 

35 

1687 

Connecticut 

4049 

1646 

2004 

139 

43 

1614 

Rhode  Island 

507 

169 

97 

15 

4 

202 

Maine 

7980 

3059 

844 

3736 

78 

3264 

Alaska  Region 

282 

48 

65 

4 

1 

80 

Hawaii  Region 

8976 

6493 

173 

40 

708 

6511 

Puerto  Rico  Region 

National  Total 

3698641 

2638955 

1481542 

303929 

164125 

32725 

32088 

2014221 
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Cretnhouw  Conditioning.  Energy  use  in  greenhouse 
conditioning  is  nainly heating,  with  e smaller  portion  in 
cooling  end  enerel  ventilation.  Solar  ponds  can  thus 
supply  the  or  portion  of  this  type  of  energy  requirement. 

In  the  livestock  management  category,  feed  handling,  waste 
disposal,  space  and  water  heating,  egg  handling,  and  brooding  are  some  of  the 
operations  requiring  an  energy  supply.  The  following  operations  are  suitable 
for  an  energy  supply  from  solar  ponds: 

(1)  Space  and  Water  Heating.  Use  of  energy  in  these  two  areas 
is  similar  to  use  in  residential  and  commercial  buildings; 
therefore,  solar  ponds  might  supply  these  energy  needs. 

(2)  Brooding.  The  major  energy  need  in  brooding  is  to  provide 
heating  energy  to  maintain  proper  temperatures  for  the 
brooding  process;  solar  pond  thermal  energy  is  suitable  for 
this  purpose. 

(3)  Waste  Disposal.  Waste  handling  and  waste  conversion  or 
digestion  both  require  an  energy  supply.  The  latter  need  is 
mainly  thermal  energy;  therefore,  it  can  possibly  be 
supplied  by  solar  ponds. 

In  addition,  space  and  water  heating  for  farm  houses  should  be 
included  as  part  of  the  agricultural  energy  market,  as  this  can  obviously  be 
supplied  by  solar  ponds. 


5.3.2  Characteristics  and  Energy  Requirements  of  Various  Agricultural 

Operations 

5.3.2. 1 Crop  Drying.  To  prevent  crop  spoilage  during  storage  and 
shipment,  the  moisture  content  of  all  grains  must  be  kept  at  a low  level, 
normally  between  14  and  15Z.  How  this  can  be  done  depends  on  the  crops.  Some 
crops  require  artificial  drying,  while  others  can  be  dried  when  they  are  still 
in  the  field.  According  to  the  Council  for  Agriculture  Science  and  Technology 
(1975),  the  degree  of  artificial  drying  required  for  some  important  crops  is 
as  follows:  rice,  100Z;  corn,  70Z;  soybeans,  18Z;  sorghum,  10Z;  wheat, 

practically  none.  However,  because  of  the  difference  in  crop  sizes,  the  main 
energy  consumer  in  crop  drying  is  corn,  which  consumes  about  60Z  of  the  energy 
used  in  crop  drying.  Tobacco  curing  is  also  a significant  energy  consumer. 

Although  the  methods  of  crop  drying  vary  with  the  crops,  there  are 
common  features.  Because  corn  drying  and  tobacco  curing  are  the  two  major 
energy  consumers  in  drying,  the  methods  employed  in  these  two  cases  will  be 
used  to  illustrate  the  general  applications. 

There  are  three  standard  methods  of  drying  corn:  in-storage  layer 
drying,  batch  drying,  and  continuous  flow  drying.  The  drying  is  generally 
accomplished  by  the  use  of  forced  hot  air  heaters.  Depending  on  the  original 
moisture  content,  the  methods  of  drying,  and  the  stage  of  drying,  the  hot  air 
temperature  used  ranges  from  only  a couple  of  degrees  above  ambient  to  as  high 
as  220°F;  however,  the  temperature  is  most  frequently  between  110  and  140°F. 
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Tobacco  is  cured  either  by  air  or  by  Hue  curing.  The  former 
process  normally  uses  natural  weather  conditions,  occasionally  heating  the  air 
5 to  10°F  above  ambient.  The  flue  curing  process,  usually  done  in  barns, 
consists  of  three  stages:  "yellowing,"  "fixing  the  color,"  and  "killing 

out."  In  the  "yellowing"  period,  the  temperature  in  the  barns  is  kept  between 
90  and  100°F  initially,  then  increased  to  115°F  in  the  last  few  hours. 

During  >he  "fixing  the  color"  period,  the  temperature  is  slowly  raised  to  120 
to  1 ? S* F in  the  beginning  and  then  is  increased  to  140°F  near  the  end.  In 
the  'Killing  out"  stage,  the  temperature  is  gradually  raised  to  170  to  180°F. 
Thus  the  thermal  energy  need  of  crop  drying  is  within  the  range  of  a solar 
pond  thermal  energy  supply. 

The  critical  time  for  drying  crops  is  immediately  after 
harvesting;  therefore,  it  is  dependent  on  crops.  However,  most  of  the  crop 
drying  comes  in  late  summer  and  in  the  fall.  For  instance,  the  corn  harvest 
is  typically  from  the  first  week  in  September  to  the  third  week  in  December. 
For  tobacco  curing,  the  drying  period  is  mostly  from  August  to  November. 
Clearly,  the  time  period  in  which  crop  drying  is  needed  coincides  with  the 
time  during  which  a typical  solar  pond  has  its  largest  thermal  energy  storage 
of  the  year. 


Because  the  temperature  of  the  thermal  energy  requirements  for 
crop  drying  and  the  time  of  drying  are  both  consistent  with  solar  pond 
characteristics,  it  is  most  suitable  for  solar  pond  application.  In  addition, 
the  application  will  be  rather  simple  and  direct.  Its  main  requirement  is  a 
hot  brine  transport  system  and  a heat  exchanger  to  transfer  the  heat  from  the 
hot  brine  to  the  drying  medium,  usually  air. 

The  regional  and  state  energy  needs  for  crop  drying  are  tabulated 
in  Appendix  K for  the  types  of  energy  used  and  the  total  Btu  values.  The 
total  national  consumption  in  1974  was  0.1053  x 10^  Btu/yr.  The  Great 
Lakes  region  has  the  highest  consumption,  0.3765  x 10^  Btu/yr,  followed  by 
the  Tennessee  Valley  region  with  0.2880  x 10^  Btu/yr. 

The  main  fuel  used  in  crop  drying  is  LP  gas,  with  a national 
consumption  of  664.4  x 10^  gal/yr,  followed  by  fuel  oil  at  76.56  x 10**  gal/yr. 

Figures  5-8,  5-9,  and  5-10  are  maps  showing  the  main  production 
areas  of  corn,  rice,  and  tobacco,  respectively.  All  these  require  significant 
crop  drying  energy. 


5. 3. 2. 2 Irrigation  Pumping.  All  plants  require  a water  supply,  but  the 
amount  of  water  required  by  croplands  depends  on  the  types  of  crops  and  the 
geographic  conditions.  Some  crops  require  very  little  water;  others  need  a 
tremendous  supply.  Figure  5-11  is  a map  showing  the  percentage  of  the 
cropland  in  each  state  of  the  country  that  needs  irrigation.  It  is  seen  that 
in  some  areas  practically  all  cropland  has  to  be  irrigated.  Figure  5-12  shows 
the  acreage  that  needs  to  be  irrigated  for  various  crops. 

The  energy  needed  for  irrigation  is  mainly  the  pumping  work 
necessary  to  move  both  surface  and  underground  water.  Some  of  the  surface 
water  is  moved  by  gravity;  other  surface  water  requires  very  little  pumping 
work,  usually  a lift  of  less  than  20  ft.  Underground  water,  on  the  other 
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CORN  ACREAGE  PLANTED  IN  SELECTED  STATES.  1973 
(Estimated) 


ACREAGE  IN 

PRODUCTION  IN 

STATE 

THOUSANDS 

MILLION  BUSHELS 

Iowa 

11.800 

1.204 

Illinois 

9,980 

996 

Nebraska 

6,400 

544 

Minnesota 

6.200 

513 

Indiana 

5.400 

534 

South  Dakota 

3.760 

142 

Ohio 

3.300 

240 

Wisconsin 

3,200 

173 

Missouri 

2,800 

228 

Michigan 

2.100 

134 

Kansas 

1,900 

154 

Georgia 

1,840 

80 

North  Carolina 

1 .550 

114 

Pennsylvania 

1.490 

81 

Kentucky 

1 .160 

86 

New  York 

1,000 

5 

SOURCE:  Agricultural- 

Statistics,  1974  , USDA, 

P-  29. 

Preliminary  data 


Figure  5-8.  Corn  Harvested  for  Grain  in  1969 
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Rice  Harvested.  1969 
(Class  1-5  tarms) 


. J 


The  acreage  devoted  to  rice  production  in  each  state  may 
be  found  in  the  table  below. 


RICE  ACREAGE  BY  STATE.  1373 
(Estimated) 

Acreage 

State  in  Thousands 


Missouri  

5.3 

Mississippi 

62 

Arkansas  

534 

Louisiana 

624 

State 


Production  in 
Million  Pounds 


North  Carolina 

384 

Kentucky 

162 

Virginia 

74 

South  Carolina 

67 

Georgia 

61 

Tennessee 

51 

81? 

321 

138 

132 

98 

101 


Agricultural  Statistics,  USD 


Figure  5-10.  Tobacco  Harvested  in  1969 
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Figure  5-11. 


Irrigated  Cropland  Harvested  as  a Percent  of  Total  Cropland  Harvested  in  1969 


hand,  requires  tremendous  amounts  of  pumping  energy,  sometimes  lifts  of  more 
than  300  ft.  However,  the  average  lift  in  the  most  extensive  irrigation  areas 
of  the  17  western  states  and  Louisiana  is  169  ft  (Douskin,  Nichol  and  Heady, 
1975). 


Irrigation  is  required  practically  year-round,  but  the  peak 
requirement  is  during  the  growing  period  of  the  hot  summer  months.  Energy  for 
pumping  purposes  is  either  by  shaft  power  or  electricity;  therefore,  a 
conversion  scheme  similar  to  an  electric  power  generation  system  is  necessary 
for  a solar  pond  application. 

The  national,  regional,  and  state  energy  consumption  in  irrigation 
for  various  fuel  types  and  total  Btu  values  is  tabulated  in  Appendix  K.  The 
total  national  Btu  value  is  0.2607  x 10^  Btu/yr.  The  Red  River  region 
leads  the  country  with  a consumption  of  0.1097  x 10^  Btu/yr,  followed  by 
the  southwest  region  with  a consumption  of  0.5178  x 10^  Btu/yr. 

Fuels  used  for  irrigation  purposes  include  gasoline,  diesel  oil, 

LP  gas,  natural  gas,  and  electricity. 


5. 3. 2. 3 Greenhouse  Conditioning.  Environmental  control,  multiple 
cropping  techniques,  and  the  efficient  use  of  water  and  fertilizers  allow 
greenhouse  operations  to  yield  crops  of  three  to  more  than  10  times  the 
average  for  single-yield  crops.  For  the  same  reasons,  the  operations  are  very 
energy-,  labor-,  and  capital-intensive.  However,  greenhouse  operations  can 
generate  exceptional  values  for  fruits,  vegetables,  flowers,  and  other  nursery 
crops  that  no  other  method  can  match.  For  this  reason,  such  operations  are 
becoming  more  popular  and  will  eventually  become  an  important  agricultural 
enterprise. 


Greenhouse  operations  need  heating  and  a small  amount  of  cooling 
and  ventilation.  Thermal  energy  from  solar  ponds  can  supply  the  majority  of 
this  energy,  if  some  special  heating  system  can  be  developed.  Greenhouse 
heating  has  been  done  in  various  ways,  ranging  from  the  use  of  heaters  to  the 
use  of  piping  systems  carrying  hot  water  or  steam.  To  use  a solar  pond  energy 
source,  some  of  the  old  systems  may  have  to  be  changed,  while  others  require 
only  the  addition  of  a heat  exchanger  to  transfer  the  heat  from  the  hot  brine 
to  the  heating  media  of  the  old  systems.  In  general,  both  modifications  in 
the  old  systems  and  the  development  of  new  systems  are  simple  and 
straightforward. 

Table  5-21  shows  the  regional  greenhouse  acreage  and  greenhouse 
numbers  in  1970,  and  Table  5-22  shows  the  regional  energy  requirements.  The 
estimated  total  national  consumption  in  1969  was  0.4085  x 10^. 


5. 3. 2. 4 Livestock  Management.  Low-temperature  heat  (180°F)  is  required 
to  heat  animal  shelters  and  to  heat  water  for  general  animal  care.  The  water 
heating  need  is  rather  steady  throughout  the  year,  while  space  heating  will  be 
concentrated  in  the  cold  winter  months.  Regional  and  statewide  energy 
consumption  for  livestock  shelter  and  water  heating  are  shown  in  Appendix  K. 
The  total  national  consumption  in  1974  was  0.15  x 10^  Btu/yr.  The  main 
fuel  used  is  LP  gas. 
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Table  5-21.  Location  of  Greenhouse  Production,  1970* 


Geographic  Division 

Total  Area  Covered  (ft^) 

Establishments 

New  England 

18,929,562 

762 

Middle  Atlantic 

38,645,729 

1,866 

East  North  Central 

61,986,698 

1,940 

West  North  Central 

14,145,856 

593 

South  Atlantic 

26,452,593 

903 

East  South  Central 

9,586,826 

324 

West  South  Central 

8,970,564 

368 

Mountain 

12,741,189 

368 

Pacific 

81,690,923 

1,386 

(Total:  6270.6  acres) 

(Total  8,528) 

•Source:  1969  Census 

of  Agriculture. 

Table 

5-22.  Greenhouse  Heating  Requirements* 

1969  Estimated  Requirements 

Zone 

from 

Fossil  Fuels 

(Btu/yr)  (1010) 


Applachian 

147.2 

Corn  Belt 

1119.2 

Delta  States 

39.9 

Lake  States 

314.6 

Mountain 

127.8 

Northeast 

1281.2 

Northern  Plains 

53.9 

Southeast 

168.2 

Southern  Plains 

101.6 

Pacific 

731.3 

•Source:  1969  Census  of  Agriculture 

Host  of  the  energy  consumed  in  brooding  is  to  condition  brooding 
space,  especially  heating  to  maintain  the  necessary  temperature  and  control 
the  necessary  humidity.  Brooding  of  broiler-type  chickens  and  of  swine  is 
probably  the  most  energy-intensive.  The  energy  need  is  year-round;  however, 
because  the  main  consumption  is  in  heating,  the  amount  required  varies  with 
the  season  and  depends  on  the  degree/day  heating  of  the  location.  Figures 
5-13  and  5-14  are  maps  showing  the  production  areas  of  broilers,  hogs  and 
pigs.  The  regional  energy  consumption  in  livestock  brooding  is  given  in 
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Broilers  and  Other  Meat-Type  Chickens  Less  Than  3 Months  Old  Sold.  1969 


BROILER  PRODUCTION  IN  SELECTED  STATES.  19731 CLST1MATL0J 


STATE 

Maine 

Delaware 

Mary  land 

North  Carolina 

Georg i a 

Alabama 

Arkansas 

Texas 

California 

Mississippi 

^ AjricuJ furaJ  5t/tiatlca.  1974. 


PRODUCTION  IN  MILLION  POUNDS 
31B 
564 
744 
1.133 
1,528 
1 .438 
1,756 
641 
341 
885 

«•  S7J,  ft  40S. 


Figure  5-13.  Broiler  Production  In  1969 
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Hoc*  and  Pig*  Sold.  1969 


HOC  PRUOUCTION  IN  SELECTED  5TAIES,  1973* 


State 

Production  in  Million  Pounds 

Iowa 

4.S06 

111 inois 

?,705 

Indiana 

1,68/ 

Missouri 

1.498 

Minnesota 

1.3?; 

Nebraska 

1.179 

Kansas 

737 

South  Dakota 

714 

Ohio 

691 

North  Carolina 

593 

Wisconsin 

567 

i 

1st  j>wif  .J  Agricultural  StstlBt  let,  USliA,  1U7  4,  Tublf  Ji.it,  p.  1 19. 


Figure  5-14.  Hog  Production  In  1969 
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Appendix  K.  The  total  netionel  conauaption  in  19  was  0.24  x 101*  Btu/yr;  Che 
Tenneaaee  Valley  region  led  Che  councry  with  a consumption  of  0.8042  x 10^ 
Btu/yr,  followed  by  Che  Gulf  CoaaC  region  wich  a conauapCion  of  0.6143  x 10^ 
BCu/yr.  Fuela  uaed  for  Chia  purpoae  include  LP  gas , naCural  gas,  coal,  and  fuel 
oil. 


LiveaCock  waace  diapoaal  conaiaca  of  Cwo  aajor  operation*: 
handling  Che  waace  and  Che  final  diapoaal,  auch  aa  digeacion  of  Che  waace.  The 
firac  operacion  ia  mainly  mechanical  work  which  may  noC  be  conveniendy 
replaced  by  aolar  pond  energy  aource.  The  aecond  operacion,  depending  on  Che 
nacure  of  Che  diapoaal  mechod,  may  need  chermal  energy  ac  a relatively  low 
temperature;  therefore,  it  ia  poaaible  Co  uae  energy  from  a aolar  pond.  The 
energy  conaumption  for  liveatock  operation-related  waace  diapoaal  ia  ahown  in 
Appendix  K.  The  cocal  national  conaumpCion  in  1974  waa  0.2  x 10^  Btu/yr. 
Gaaoline  ia  Che  main  fuel  uaed  in  Chia  operacion. 


S.3.2.S  Farmhouae  Space  and  Water  Heating.  The  application  of  aolar  energy 
Co  apace  and  water  heating  for  farmhouaea  ia  appealing  for  Cwo  reaaona:  there 

ia  leaa  concern  for  aeachetic  aspect a and  "sun-rights,"  and  solar  energy  could 
also  be  uaed  in  ocher  farming-related  operations  as  described  elsewhere. 

The  estimated  energy  conaumpCion  for  all  occupied  rural  houses  and 
for  on-farm  house*  are  given  in  Table  5-23  (U.S.  Department  of  Coowrce,  1972). 
The  national  total  of  the  former  is  1.73  x 1015  Btu/yr  and  0.30  x 1015  Btu/yr 
for  the  latter.  The  regional  distribution  of  all  occupied  rural  houses  is 
shown  in  Table  5-24. 


5.3.3  Solar  Pond  Systems  for  Agricultural  Applications 

Figure  5-15  shows  some  of  the  agriculture-related  energy  use 
patterns.  As  can  be  seen,  water  heating  energy  demands  remain  about  the  same 
throughout  the  year,  while  grain  drying  requires  energy  only  in  the  fall. 
Energy  for  space  heating,  such  as  for  farm  houses  and  animal  shelters,  is 
normally  required  in  winter,  while  cooling  energy  requirements  are  mainly  in 
summer.  The  energy  requirements  for  greenhouse  operations  and  livestock 
brooding  are  year-round  but  peak  in  winter,  while  irrigation  energy  needs  peak 
in  the  suamer. 

Such  differences  in  utilisation  patterns  will  affect  the  design  of 
solar  pond  systems  for  agricultural  applications;  systems  should  ultimately  be 
designed  according  to  the  specific  application  needs.  However,  for  discussion 
purposes,  the  systems  can  be  treated  generally.  Based  on  the  possible 
application  areas  presented  earlier,  the  main  application  will  be  in  heating 
with  possibilities  in  cooling  and  in  generation  of  electricity.  These  will  be 
discussed  below,  along  with  a total  energy  utilization  concept. 


5.3. 3.1  Heating  Systems.  Water  heating,  space  heating  for  farm  houses  and 

animal  shelters,  livestock  brooding,  greenhouse  operations,  grain  drying,  and 
waste  disposal  all  require  a heating  system.  The  main  components  of  a heating 
system  should  consist  of  a brine  transport  unit,  a brine-to-working-f luid  heat 
exchanger,  and  a hot  fluid  distribution  unit. 
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Table  5-24.  Occupied  Rural  Housing  Units 


New  England 

808,694 

5.1 

Middle  Atlantic 

1,977,683 

12.5 

East  North  Central 

2,962,309 

18.8 

West  North  Central 

1,832,773 

11.6 

South  Atlantic 

3,242,822 

20.6 

East  South  Central 

1,699,426 

10.7 

West  South  Central 

1,602,209 

10.2 

Mountain 

532,629 

3.4 

Pacific 

1,111,441 

7.1 

Total 

15,769,986 

7.1 

The  brine  transport  unit  should  be  rather  standard;  the  choice  of 
the  heat  exchanger,  on  the  other  hand,  will  depend  on  the  working  fluid  used, 
such  as  water  or  air.  The  design  of  the  distribution  unit  depends  strictly  on 
the  application;  for  example,  a unit  for  grain  drying  will  be  different  from 
that  of  a greenhouse  operation.  The  distribution  unit  may  consist  mainly  of 
the  existing  heating  system  previously  used  with  conventional  fuels. 


The  design  of  the  solar  pond  also  depends  on  the  energy  utilization 
patterns  of  the  application.  The  size  of  the  solar  pond  and  the  depth  of  the 
storage  zone  will  vary  according  to  whether  a steady,  constant  supply  of 
thermal  energy  is  needed,  such  as  for  water  heating,  or  energy  is  only  needed 
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HEAT  LOAD 


SERVICE  WATER  HEATING 


FALL 

WINTER 

' SPRING 

SUMMER 

Figure  5-15. 

Representation  of 

Farmstead  Seasonal  Demands 

for  Heat  Energy 

in  one  season  of  the  year,  such  as  in  the  grain  drying  application.  These 
factors  oust  be  considered  along  with  insolation,  energy  loads  and  other 
fundamentals. 


5.3.J.2  Electric  or  Shaft  Power  Systems.  Lighting  and  irrigation  require 
electric  power,  or  shaft  power  in  the  latter  case.  In  both  cases  a heat 
engine,  normally  an  organic  Rankine  turbine,  is  needed  to  convert  the  thermal 
energy  collected  and  stored  by  the  solar  pond  into  either  shaft  power  or 
electric  power.  This  application  thus  falls  under  the  electric  power 
generation  application  category  and  is  treated  elsewhere. 


5. 3. 3. 3 Cooling  Systems.  The  requirement  for  cooling  in  agriculture 

activities  is  much  less  than  heating  requirements.  The  most  likely 
applications  are  in  the  cooling  of  farmhouses,  greenhouses,  or  possibly  animal 
shelters.  The  demands  will  be  concentrated  in  the  hot  sunnier  months.  A 
cooling  system  could  use  an  absorption  cooling  system  with  thermal  energy  from 
a solar  pond  as  the  energy  source;  however,  the  economic  feasibility  of  this 
approach  remains  to  be  demonstrated. 


3. 3. 3. 4 Total  Energy  Systems.  "Total  energy"  here  has  a very  broad 

meaning.  It  could  imply  an  energy  system  that  supplies  various  types  of 
energy,  such  as  thermal  or  electrical,  for  various  purposes  or  to  meet  varied 
requirements.  It  could  also  mean  an  energy  system  that  can  supply  the  same 
kind  of  energy  to  meet  different  energy  needs  at  different  times  of  the  year, 
or  an  energy  system  that  has  the  combined  capabilities  of  the  two  situations 
just  mentioned. 

In  agricultural  applications,  the  energy  utilization  patterns  for 
different  purposes  are  quite  different,  as  seen  in  Figure  3-13.  A total  solar 
pond  energy  system  that  will  supply  constant  thermal  energy  for  water  heating 
year-round,  additional  thermal  energy  for  crop  drying  in  the  fall,  space 
heating  in  the  winter  months  and  cooling  in  the  summer,  electric  (or  shaft) 
power  for  irrigation  purposes,  and  more  heating  for  greenhouse  operations, 
should  be  possible  and  much  more  efficient  than  a system  with  a single 
application.  (The  flow  diagram  for  a potential  system  of  this  type  is  shown 
in  Figure  4-13  and  a possible  application  situation  is  shorn  in  Figure  4-9.) 


3.3.4  Potential  for  Solar  Ponds  in  Agriculture 

Agriculture  energy  uses  which  potentially  can  be  supplied  by  solar 
ponds  are  in  the  areas  of  crop  drying,  livestock  brooding,  livestock-related 
and  farmhouse  space  and  water  heating,  greenhouse  conditioning,  irrigation, 
and  possibly  waste  disposal.  Energy  consumption  ii  these  areas  is  tabulated 
(Appendix  K)  by  fuel  types  and  in  total  Btu  values  for  each  state  and  each 
solar  pond  application  region.  Table  3-23  summarizes  the  results  for  various 
regions  and  the  entire  nation.  The  table  shows  rotal  agricultural  energy  use; 
total  energy  uses  related  to  crop  and  livestock  operations,  respectively;  and 
energy  uses  and  categories  which  might  be  supplied  by  solar  ponds.  The  actual 
replaceability,  however,  must  be  further  assessed  by  considering  the  local 
constraints.  The  table  does  not  include  energy  needs  for  farmhouse  space  and 
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Table  5-25.  Solar  Pond  Agricultural  Energy  Applicability  Summary  (Annual  Energy  in  10®  Btu) 


Regions 

Crops 

Related 

Livestock 

Related 

Total 

Crop 

Drying 

Irrigation 

Puaping 

Livestock 

Brooding 

Haste 

Disposal 

(Livestock) 

Space  and 
Water  Heating 
(Livestock) 

Greewumse 

Conditioning 

Total 
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79800 
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1126 

25109 

279 

704 

490 

24)8 

30147 

Salt  Lake 
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187)8 

1)9) 

1205 

704 

1278 

26174 
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5)060 
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22) 

2945 

60601 

Black  Hill* 
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29075) 

1)698 
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669 

512 

3337 

53401 

Ret!  Riv«t 

329195 
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17)0 

769 
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124790 

Great  Lake* 

502918 

66821 
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)7659 

1685 

)66l 

7)06 

71)) 

5944 

63383 

Tennessee  Valley 

222899 

90565 

200419 

28799 

5)90 

8042 

3)45 

2150 

4271 

51947 

Ull  Coat 

188780 

22721 

211505 

1069) 

8662 

614) 

2025 

929 

1882 

51847 

Atlantic  Rortiieast 

1)775 

72)19 

995 

996 

1709 

1916 

172) 

12812 

20151 

Alaska 

if 

21 

80 

0 

59 

0 

0 

2 

a 

61 

Huwj l i 

->219 

297 

0)11 

2965 

l 

Jo 

17 

a 

2S19 

Puerto  Rico 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

U.S.A. 

17899)0 

229291 

2319921 

105261 

206809 

24248 

20119 

14658 

38413 

463508 

*•! nf or*it  ion  unavailable. 
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water  hedting,  which  can  amount  to  an  additional  3.00  x 10 ^ Btu/yr  for 
on-fara  houses  only,  or  1.73  x 10^  Btu/yr  if  all  the  rural  housing  units 
are  considered  (Bender , et  al,  1976). 

Solar  pond  ayateoa  that  can  be  used  to  serve  these  energy  needs  can 
be  divided  into  three  types t single-purpose  solar  pond  heating  systems;  solar 
pond  power  systems  to  generate  electric  and/or  shaft  power  for  lighting  and 
irrigation  pumping;  multi-purpose  solar  pond  total  energy  systems  to  provide 
varied  forms  of  energy  to  serve  several  agricultural  purposes. 

However,  the  total  energy  utilisation  concept,  serving  several 
purposes  or  supplying  several  energy  forms  appears  to  be  the  most  effective 
way  to  achieve  broader  applications  on  the  farm. 


5.4  ELECTRIC  POWER  SECTOR 

5.4.1  Concept  of  Operation 

One  of  the  most  attractive  applications  of  solar  ponds  is  in  the 
area  of  electric  power  generation.  A solar  pond  power  plant  can  produce  base- 
load or  peaking  electric  power  to  match  any  load  demand.  Thert  are  options 
which  other  solar  energy  systems  can  achieve  only  with  large  investments  in 
battery  or  thermal  storage.  However,  the  efficiency  of  the  process  is  low  and 
commercial  electric  power  generation  will  be  confined  to  those  areas  or  sites 
where  the  pond  ingredients  occur  naturally,  or  to  sites  in  remote  areas. 

Although  several  processes  for  harvesting  the  thermal  energy  of  a 
pond  to  generate  electric  power  have  been  proposed,  the  organic  Rankine  heat 
engine  is  the  most  developed  and  will  be  used  to  evaluate  regional  solar  pond 
power  plant  suitability.  With  this  concept  (Figure  5-16)  the  solar  pond  con- 
verts solar  energy  into  thermal  energy  and  the  Rankine  cycle  engine  transforms 
the  thermal  energy  into  mechanical  power  and  turns  a conventional  generator. 

The  working  fluid  of  the  closed  cycle  Rankine  engine  is  typically  an  organic 
fluid  like  refrigerant  11  or  114,  or  toluene.  Hot  brine  from  the  pond  vaporizes 
the  organic  fluid  at  a modest  pressure  and  the  pond  surface  waters  are  suitable 
for  condensing  the  expanded  vapors.  After  leaving  the  vaporizer,  the  organic 
fluid  expands  across  a single  stage  turbine  wheel  producing  the  mechanical 
shaft  power. 


The  efficiencies  of  the  process  are  important  to  the  economics  of 
the  system  and  greatly  depend  upon  the  hot  brine  and  cooling  water  tempera- 
tures. At  temperatures  of  175°F  in  the  storage  zone  and  75<>F  on  the  surface, 
the  efficiency  of  converting  solar  pond  thermal  energy  to  electric  energy  is 
about  8-1/2Z  (or  approximately  64Z  of  the  Carnot  theoretical  maximum).  The 
conversion  efficiency,  coupled  with  a solar  pond  collection  efficiency  of  15 
to  20Z,  means  that  the  total  system  efficiency  from  "solar  in"  to  electricity 
out  is  about  1 to  1-1/2Z. 

The  concept  has  been  developed  and  proven  by  Ormat  Turbines,  Ltd. 
in  Israel  where  development  units  of  6 kW  and  150  kW  are  in  operation;  a 5-MW 
system  is  planned  to  start  up  in  late  1982.  In  the  United  States  a feasibility 
study  has  been  completed  for  a large  solar  pond  power  plant  in  the  Salton  Sea 
in  Southern  California.  The  goals  of  the  project  are  to  first  prove  the 
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Figure  5-16.  Solar  Pond  Power  Plant  Concept 


concept  with  a 5 -MW  power  plant  experiment  then  to  develop  a coumercial  plant 
of  600  MW  or  more.  Prom  the  work  in  Israel  and  the  studies  at  the  Salton  Sea, 
several  basic  requirements  for  siting  a solar  pond  power  plant  have  emerged: 
high  insolation,  large  areas  of  inexpensive  land,  readily  available  salt  and  a 
continuous  supply  of  fresh  or  low  salinity  water,  tn  areas  of  high  insolation, 
a square-kilometer  pond  will  yield  a base-load  net  output  of  2-1/2  to  3-1/2  MW. 
Commercial  plants  are  envisioned  to  be  constructed  of  20-  to  50-MW  modules} 
therefore  land  requirements  will  range  from  6-  to  14-km^  (1500  to  5500  acres) 
for  each  module. 


An  economic  analysis  of  solar  pond  power  plants  was  conducted  as 
part  of  this  study  (Section  6).  Judged  from  insolation  and  availability  of 
other  erssential  resources,  the  Southwest,  Puerto  Rico,  Hawaii,  Salt  Lake,  Red 
River  and  Gulf  Coast  were  selected  as  the  primary  siting  regions  for  solar 
pond  power  plants.  The  Tennessee  Valley  and  Pacific  Northwest  were  not 
included  in  the  prisutry  siting  regions  because  salt  reserves  are  not  known  to 
exist.  Importing  salt  to  these  regions  for  solar  pond  power  plants  would 
likely  increase  busbar  electric  costs  by  more  than  25%. 

A clear  distinction  can  be  drawn  between  a solar  pond  that 
delivers  thermal  energy  as  the  end  product  and  a solar  pond  power  plant. 
Because  of  the  relatively  low  power  conversion  cycle  efficiency  (8  to  9%),  a 
solar  pond  for  electric  application  must  be  very  low  in  cost  and  attain  a 
relatively  high  performance.  As  a result,  the  best  siting  locations  will  be 
in  the  southern  regions  of  the  country  where  large  areas  of  low-valued  land, 
clay  lining  materials,  abundant  salt  and  makeup  saline  water  are  available. 
Importing  salt  or  installing  a synthetic  pond  liner  will  likely  result  in  a 
power  cost  that  is  not  competitive  in  the  existing  commercial  market.  Solar 
pond  power  plants  will,  however,  be  more  than  competitive  with  other  solar 
options  even  if  ingredients  have  to  be  imported. 

There  are  exceptions  to  the  general  observations  above.  If  sites 
can  be  found  that  have  existing  ponds  or  that  have  a problem  of  storing  excess 
salt,  technologies  may  be  combined  to  yield  a cost-effective  power  plant.  The 
chemical  industry,  for  example,  has  a large  number  of  ponds  for  the  storage  of 
toxic  or  waste  products.  These  might  be  converted  into  cost-effective  power 
plants,  because  they  will  provide  multiple  benefits.  As  reported  earlier, 
there  are  some  275,000  ponds  in  the  United  States,  involved  with  industrial 
processes,  sewage  effluent,  petroleum  production  and  toxic  effluent  storage. 
Other  interesting  applications  for  power  plants  can  be  found  in  conjunction 
with  chloride  control  projects.  A river,  such  as  the  Colorado  River,  has 
tributaries  which  feed  salt  to  the  main  body.  If  these  tributaries  are 
diverted  into  a holding  area  and  solar  ponds  are  constructed,  salinity  in  the 
main  river  will  be  reduced,  and  electric  power  produced  from  an  otherwise 
waste  product. 

Electric  energy  in  remote  or  island  locations  is  much  more 
expensive  than  energy  from  the  utility  grid.  Solar  pond  power  plants  could 
become  the  least  expensive  option  for  remote  applications.  In  Hawaii,  for 
example,  electric  energy  cost  is  near  150  mils/kWh.  However,  land  on  islands 
is  generally  a precious  entity  and  may  offset  otherwise  attractive  economics. 
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Potential 


In  the  grid-connected  United  Steteet  the  aoler  pond  potential 
appears  to  be  resource- limited  rather  than  need-limited.  That  is,  the  utility 
grid  is  so  large  that  all  the  potential  power  from  solar  ponds  could  be 
readily  absorbed  by  the  grid.  Mo  regional  considerations  relative  to  future 
power  needs  were  folded  into  this  analysis. 

In  examining  specific  sites,  difficult  choices  were  necessary  and 
decisions  were  made  using  a variety  of  criteria.  For  example,  at  the  Salton 
Sea  in  California,  the  sea  surface  area  is  355  mi^.  We  have  chosen  20X  as 
the  fraction  of  the  sea  that  can  be  converted  to  solar  ponds,  but  clearly  the 
potential  exists  for  more,  perhaps  40  or  SOX.  Other  evaluators  could  look  at 
the  same  basic  data  and  develop  other  choices.  In  this  analysis,  conservative 
assumptions  were  made  and  a large  potential  has  resulted.  Clearly,  the  solar 
pond  power  plant  technology  can  be  applied  to  more  than  the  Salton  Sea  and  the 
Great  Salt  Lake. 

Because  solar  ponds  have  long-term  storage  capability  and  the 
capacity  to  supply  high  demand  peaking,  the  installed  electrical  capacity  for 
a given  pond  can  vary  widely.  Capacity  numbers  are  presented  in  this  report 
in  terms  of  average  continuous  net  output  (i.e.,  a load  factor  of  one  has  been 
assumed).  In  addition,  the  numbers  reported  are  net  output.  Power  for 
parasitic  losses  and  for  pumping  underground  water  when  required  have  been 
subtracted  from  the  gross  capacity  to  yield  net  output. 

The  primary  siting  regions  for  solar  pond  electric  production  are 
those  in  the  southern  zones,  Southwest,  Puerto  Rico,  Hawaii,  Salt  Lake,  Red 
River,  and  Gulf  Coast.  In  the  west,  high  insolation  and  a relative  abundance 
of  salt  or  high-saline  underground  water  is  found  together  with  a shortage  of 
low-saline  (fresh)  water.  In  the  central  or  Red  River  region,  all  of  the 
appropriate  ingredients  appear  to  be  present  in  relative  abundance. 

Insolation  is  low*,  r than  in  the  far  west,  but  sufficient.  Large  sources  of 
salt  are  readily  available  and  water,  which  is  in  short  supply  on  the  western 
boundary  becomes  plentiful  on  the  eastern  boundary.  Land  and  suitable  clays 
are  perceived  to  be  relatively  available.  In  some  areas  of  this  region,  the 
contamination  of  freshwater  supplies  by  salt  and  saline  water  excess  are  major 
problems. 


The  most  eastern  region,  the  Gulf  Coast,  has  adequate  insolation, 
a plentiful  supply  of  water,  land,  and  clay  type  soils.  Salt  resources  are 
limited,  except  in  Louisiana,  and  a high  water  table  may  complicate  pond 
construction  throughout  the  region.  Ocean  water  could  be  a source  of  salt  but 
the  high  rainfall  and  high  relative  humidity  limit  the  use  of  evaporation 
ponds  for  salt  production. 

In  the  Southwest,  water  is  the  critical  and  limiting  factor  for 
solar  ponds.  Adequate  data  does  not  exist  for  defining  the  amount  of 
available  saline  water  and  the  annual  replenishment.  Most  water  studies  have 
been  directed  toward  freshwater  supplies.  A solar  pond  will  require  as  much 
as  16  acre-ft  of  water  per  acre  of  pond  for  the  initial  fill  and  from  a 7 to 
9 acre-ft  per  year  of  evaporation  replenishment  water.  The  annual  replacement 
is  truly  the  factor  that  limits  the  potential  in  the  Southwest.  If  effective 
means  of  controlling  evaporation  could  be  found,  the  solar  pond  potential 
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would  be  greatly  expanded . For  this  evaluation  no  consumption  of  fresh  water 
In  water-short  areas  has  been  assumed. 

An  alternative  to  using  local  water  is  importing  ocean  water.  In 
Southern  California,  coastal  property  Is  highly  valued,  and  flat  open  areas 
near  the  ocean  are  not  candidate  sites.  However,  it  Is  conceivable  to  bring 
ocean  water  Into  the  lower  California  desert  or  into  Arizona  from  the  Gulf  of 
California,  a distance  of  40  mi.  Hater  costing  $100/acre-ft  will  translate 
to  an  Increase  of  about  $0.01/kUh  in  busbar  electric  cost.  However,  this  con- 
cept is  beyond  the  scope  of  this  study. 

Along  the  Texas  Gulf  Coast,  ocean  water  for  solar  pond  surface 
washing  Appears  very  plausible.  In  island  installations,  using  ocean  water  is 
a basic  prerequisite.  As  average  humidity  Increases,  evaporation  losses  and 
the  ability  to  make  brine  from  ocean  water  diminish.  This  has  positive  and 
negative  effects  and  emphasizes  the  fact  that  solar  ponds  will  be  site 
specific  not  only  in  terms  of  construction  but  also  in  terms  of  operation  and 
maintenance. 


The  discussion  that  follows  supports  the  summary  of  solar  pond 
power-plant  potential  presented  in  Table  5-26.  Each  state  in  the  primary 
siting  regions  is  discussed.  A list  of  specific  potential  solar  pond  sites 
for  electric  power  generation  is  presented  in  Table  5-27. 


5. 4. 2.1  Southwest  Region. 

5. 4. 2. 1.1  California.  The  largest  potential  site  in  California  is  clearly 
the  Salton  Sea.  The  Salton  Sea  is  355  mi^  and  if  20%  of  the  sea  is 
converted  into  solar  pond  power  plants,  a net  power  output  of  650  MW  can  be 
realized.  Other  water  bodies  Include  San  Francisco  Bay  and  San  Diego  Bay. 

San  Diego  Bay  does  not  appear  large  enough  to  support  a commercial  power 
plant.  Many  smaller  potential  sites  exist  within  the  state  and  have  the 
necessary  ingredients  of  high  insolation,  land  area  and  salt,  but  are  limited 
by  water  for  evaporation  make  up. 

These  sites  are  typically  Inland  dry  desert  lakes  with  surface 
salt  crusts  and  underground  saline  water.  Water  and  brine  for  initial  pond 
fill  are  frequently  available  but  the  long  term  evaporation  make  up  source  is 
unknown . 


One  approach  in  estimating  potential  make  up  water  is  looking  at 
the  reported  average  water  depth  at  inland  nominally  dry  lakes  following  a 
winter  season.  Normally  such  water  is  contained  at  the  surface  by  Impervious 
clays  until  evaporation  causes  it  to  disappear.  If  a portion  of  this  water 
could  be  channeled  into  storage,  perhaps  underground,  then  a reliable  source 
of  replenishment  water  might  be  created.  Such  a scheme  might  involve  pumping 
down  the  existing  saline  water  table  and  building  percolation  basins  to 
quickly  dispose  of  surface  water.  In  Table  5-26,  a notation  indicating 
surface  water  management  reflects  managing  winter  rainwater  accumulation  and 
preserving  a portion  (50%)  for  supplying  water  to  the  surface  of  solar  ponds. 

Along  the  border  between  California  and  Mexico  and  near  the 
Pacific  Ocean,  there  is  an  area  in  which  ocean  water  could  be  Imported  to 
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Table  5-26.  Solar  Ponds:  Electric  Power  Potential 


State 

Baseload  Average 
MWe  (Net) 

California 

2,000* 

Nevada 

380* 

Utah 

5,000 

Arizona 

360* 

Colorado 

360 

New  Mexico 

700* 

Oklahoma 

2,300  | 

Texas 

20,000 

Louisiana 

4,000 

Mississippi 

500 

Georgia 

400 

Florida 

2,000 

Total 

38,000  MWe 

- 3.6  quads 


aln  "dry"  desert  lake  locations,  a water  management  scheme  has  been  assumed  1 

to  collect  and  store  surface  water  runoff  from  winter  rains.  | 


create  a large  solar  pond.  An  estimate  of  this  potential  as  well  as  other 
inland  sites  is  presented  in  Table  5-26.  The  potential  for  California  is 
judged  to  be  2000  MW. 

5. 4. 2. 1.2  Arizona.  The  limiting  factor  in  Arizona  is  water.  As  part  of  the 

Colorado  River  Chloride  Control  Project,  sufficient  Colorado  river  water  would 
be  diverted  in  Arizona  to  support  360  MW  of  solar  pond  electric  production. 
Sites  around  Phoenix  have  also  been  suggested.  Salt  is  readily  available  and 
saline  water  sources  have  been  identified  but  the  extent  of  the  resource 
cannot  not  be  determined.  Therefore  no  assessment  of  the  Phoenix  potential  is 
included. 


5. 4. 2. 1.3  Nevada.  There  are  three  candidate  sites  in  Nevada:  Walker  Lake, 

Carson  Sink,  and  an  additional  element  of  the  Colorado  River  Chloride  Control 
Project.  Walker  Lake  is  similar  to  the  Salton  Sea  in  that  it  is  becoming  more 
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Table  5-27.  Specific  Potential  Solar  Pond  Sites  for  Electric  Power  Generation 


State 

Potential  Solar  Pond  Site 

Alabama 

McIntosh  Dome,  Klepac  Dome,  Mobil  Bay-Alabama  River 

Arisona 

Phoenix,  Yuma,  8upai  Basin,  Red  Lake,  Haulpai  Valley, 
Detrital  Valley 

California 

Salton  8ea,  Owens  Valley,  Castac  Lake,  Bristol  Lake, 
Searles  Lake,  Dale  Lake,  Danby  Lake,  Soda  Lake,  West 
Great  Central  Valley,  Koehn  Lake,  Honey  Lake,  Mono 
Lake,  San  Francisco  Bay 

Colorado 

Permian  Basin,  Paradox  Basin 

Florida 

Coastal  Areas 

Louisiana 

Salt  Domes,  Coastal  Zones 

Mississippi 

Salt  Domes,  Coastal  Zones 

Nevada 

Virgin  Valley,  Carson  Sink,  Esmeralda  County,  Diamond 
Valley,  White  Plains,  Dixie  Salt  Marsh 

New  Mexico 

Permian  Basin,  Tularosa  Basin,  Carlsbad-Pecos  River 

Oklahoma 

Permian  Basin,  Great  Salt  Plain,  Big  Salt  Plain 

Texas 

Permian  Basin,  Gulf  Coast  Basin,  Galveston  Bay 

Utah 

Great  Salt  Lake,  Sevier  Lake,  Paradox  Basin, 
Bonneville  8alt  Flats 

saline.  The  concept  proposed  for  the  Salton  Sea,  of  diking  a portion  of  the 
lake  to  achieve  lake  salinity  control,  could  be  applied  to  Walker  Lake. 

Diking  20%  of  Walker  Lake  and  creating  solar  pond  power  plants  could  produce 
120  MW  of  electric  power. 

Carson  Sink  is  450  miles  in  aree,  and  receives  water  from  the 
Carson  and  Hunfcolt  Rivers.  Salt  is  readily  available  and  the  area  is 
underlined  with  clay  and  saline  water.  An  estimate  of  260  MW  has  been  made 
for  Carson  Sink. 

The  third  Nevada  site  utilises  Colorado  River  water,  is  part  of 
the  Colorado  River  Chloride  Control  Project,  and  was  taken  from  the  Bureau  of 
Reclamation's  Colorado  River  Study. 
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5. 4. 2. 1.4  Hew  Mexico.  The  most  interesting  potential  in  Mew  Mexico  is  in 

the  Pecos  River  area  or  southeast  plains.  Large  quantities  of  salt  are  being 
introduced  into  the  Pecos  River  creating  a severe  contamination  problem.  The 
information  from  Mew  Mexico  indicates  that  water  should  be  available  to 
support  approximately  36  oi^  of  solar  ponds.  In  addition,  if  underground 
brine  is  pumped,  an  estimated  potential  of  ;00  MM  results.  Near  Carlsbad  and 
Rosewald,  New  Mexico,  there  is  a potash  industry.  Although  natural  ponds 
exist  and  excess  brines  are  available,  there  is  not  sufficient  data  to  assess 
a potential  for  developing  solar  ponds.  One  of  the  needs  of  this  area  may 
well  be  a desalination  plant. 


5.4. 2. 2 Salt  Lake  Region. 

5. 4. 2. 2.1  Utah.  The  summary  solar  pond  potential  in  Utah  is  the  Great  Salt 

Lake.  This  large,  highly  concentrated  saline  body  of  weter  has  been  clearly 
recognised  as  a major  site  for  solar  pond  development.  This  was  recognised 
early  in  the  Regional  Assessment  study  and  a specific  Utah  assessment  was 
commissioned  to  Drs.  Paul  Riley  *nd  Clair  Batty  of  Utah  State  University 
(1981). 


A master  plan  for  the  Great  Salt  Lake  has  been  proposed  and  devel- 
oped by  Drs.  Riley  and  Batty  which  recognises  the  industrial,  social  and  rec- 
reational needs  of  the  area.  The  lake  is  subdivided  and  developed  into  solar 
ponds,  high  concentrated  regions  for  supporting  mineral  extraction  industries, 
low  salinity  areas  and  a freshwater  sone  for  recreation  (Figure  S-17).  This 
plan  proposes  lake  management  which  will  develop  the  resource  in  an  environ- 
mentally acceptable  manner.  The  total  Great  Salt  Lake  potential  is  4000  MM. 

Utah  has  other  vast  resources  of  open  land  and  salt.  However, 
water  becomes  a limiting  factor  away  from  the  Great  8alt  Lake.  Integrating 
solar  ponds  with  oil  shale  developnmnt  is  a concept  needing  additional 
evaluation,  as  a by-product  of  the  oil-shale  operation  would  be  large 
quantities  of  brine  or  contaminated  water.  Also,  oil-shale  operation  would 
require  substantial  electric  power.  A preliminary  estimate  of  this  potential 
in  Utah  has  been  provided  as  0.15  quads/yr  (Riley  and  Batty,  1981). 

The  overall  total  Utah  solar  pond  power  production  has  been 
estimated  to  be  5000  MW. 


5. 4. 2. 2. 2 Colorado.  Colorado  has  excess  salt  brine  and  salt-rich  shale  in 
Paradox  Valley.  Two  hundred  thousand  tons  of  salt  are  estimated  to  enter  the 
Dolores  River  annually.  Control  concepts  involve  pumping  of  the  brine  waters 
into  evaporation  ponds  as  an  alternative  to  letting  the  brine  flow  into  the 
Dolores  River.  Again,  the  availability  of  make  up  water  becomes  a limiting 
factor.  Fron  the  Bureau  of  Reclamation  Study  of  Colorado  River  Chloride 
Control,  there  appears  to  be  a potential  for  developing  360  MW  of  solar  pond 
power. 


Like  Utah,  Colorado  has  vest  reserves  of  oil  shale.  In  the 
northwest  corner  of  Colorado  a synfuel  production  operation  which  would 
require  large  quantities  of  electric  power  could  be  undertaken  to  produce 
large  quantities  of  brine  and  contaminated  water.  A detailed  study  of  this 
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concept  should  bo  under token  end  the  integretlon  of  eoler  ponds  into  the 
oil-shele  operation  evaluated.  Ho  potential  is  included  in  this  assessment. 


5.4. 2. 3 Red  River  Ration. 

5.4. 2. 3.1  Oklahoma.  Water  ia  More  available  in  Oklahoma  than  in  the  far 

vest  and  evaporation  rates  are  lover.  For  thia  aeeeasaent,  Oklahoma  is 
divided  into  seat  and  vest  portions.  In  the  west,  the  focus  ie  the  Cimarron 
River  area  where  2,600  tons  of  salt  per  day  are  reported  to  be  csrried  away 
and  evaporation  ponds  exist  for  the  production  of  commercial  salt. 

Apparently,  underground  water  is  available  in  addition  to  surface  water  for 
the  production  of  about  1400  MW  of  power.  In  east  Oklahoaa,  the  focus  is 
principally  on  the  Red  River  and  the  Arkansas  River,  which  contain  high  levels 
of  salt.  Intercepting  the  saline  water  in-flows  and  diverting  thea  to 
enclosed  areas  is  a feasible  concept  and  compatible  with  the  creation  of  solar 
ponds.  This  area  is  being  studied  in  detail  by  the  Aray  Corps  of  Engineers, 
Tulsa  District.  In  attempting  to  estiaate  the  pond  potential  two  approaches 
can  be  taken!  (1)  use  only  the  diverted  aaline  water,  or  (2)  supplement  the 
saline  waters  with  other  available  ground  and  river  waters.  If  only  diverted 
saline  waters  are  uaed,  the  power  potential  has  been  estiawted  at  400  MW. 

Uaing  supplementary  water  might  increase  this  potential  to  900  MW. 


5. 4. 2. 3. 2 Texas.  Texas  aay  be  the  moat  ideal  state  for  solar  pond  power 

plants.  Approximately  half  the  state  ia  said  to  be  underlaid  with  salt  and 
aaline  water.  The  Peraian  Basin  in  the  western  panhandle  has  a salt  resource 
that  is  Measured  in  cubic  miles.  Another  huge  salt  resource  ia  located  in 
east  Texas.  The  major  salt  beds  are  the  Haynesville  Salt  and  Louann  Salt 
which  contain  bedded  salt,  salt  domes  and  brines. 


The  extent  of  water  availability  in  west  Texas  is  uncertain  but 
saline  ground  water  is  reported  over  most  of  the  aree.  Water  sources  in  the 
west  include  the  Pecos,  Red,  Colorado,  and  Canadian  Rivers  plus  irrigation 
runoff.  In  assessing  the  potential,  an  assumption  was  made  that  ponds  could 
be  constructed  almost  anywhere,  i.e.,  that  surface  characteristics  are  very 
uniform.  If  0.5Z  of  the  land  area  were  converted  to  solar  ponds  then  2000  MW 
of  powet  could  be  produced  in  the  Permian  Basin  alone. 


The  southern  tip  of  Texas  is  characterised  by  an  arid  landscape,  a 
humid  climate  and  extensive  underground  saline  water  and  salt  deposits.  The 
Rio  Grande  River  is  also  a potential  source  of  water.  In  addition,  the  area 
is  sufficiently  close  to  the  ocean  to  think  in  terms  of  utilising  ocean 
water.  If  5Z  of  Texas'  80,000  km*  could  be  converted  to  solar  ponds,  a 
potential  of  8000  MW  would  result. 


East  and  central  Texas  also  have  ample  surface  water  and  are  near 
the  ocean.  Along  the  coastline,  the  Barrier  Islands  enclose  bays.  On  land, 
private  and  state  ownership  of  large  tracts  exist.  The  amount  of  land  and 
coastline  that  could  be  dedicated  to  solar  ponds  is  a question  that  must  be 
answered  by  the  Texas  resident.  However,  a 5Z  land  area  dedication  would 
yield  10,000  MW  of  electric  power  potential. 
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5 .4.2.4  Gulf  Coast  Region. 

S.4.2.4.1  Louisiana.  Louisiana  has  large  amounts  of  saline  water. 

Throughout  the  state  are  deep  sources  of  saline  water  and  in  some  places  exist 
salt  domes.  State  officials  imply  that  land  is  probably  available,  although 
the  water  table  is  generally  very  high.  Large  quantities  of  grey  to  red  clay 
exist  throughout  the  area.  Louisiana,  like  Texas,  appears  to  have  the 
necessary  ingredients  for  solar  ponds  providing  one  finds  the  right  specific 
contour  at  any  site.  If  2Z  of  the  land  area  could  be  converted  to  solar 
ponds,  then  the  potential  in  Louisiana  is  estimated  to  be  4,000  MU. 


5.4. 2. 4. 2  Mississippi.  The  southern  portion  of  Mississippi  has  salt  and  a 
small  potential  for  solar  ponds,  perhaps  500  MU. 


5. 4. 2. 4. 3  Alabama.  Alabama,  much  like  Mississippi,  seems  to  have  a small 
potential  for  solar  pond  power  plants  in  the  southern  regions. 


5. 4. 2. 4. 4  Georgia.  There  are  no  known  salt  sources  in  Georgia.  Again,  we 
have  the  characteristic  of  high  ground  water,  high  humidity,  and  no  readily 
available  salt.  Georgia,  however,  has  extensive  amounts  of  clay  and  swamp 
areas  that  potentially  could  be  converted  to  solar  ponds.  Assuming  that  ocean 
water  is  used  as  a salt  source,  the  estimate  for  Georgia  is  400  MU. 


5. 4. 2. 4. 5 Florida.  Florida  can  be  viewed  in  terms  of  the  panhandle  area  and 

the  peninsula  area.  Characteristics  of  Florida  are  a high  water  table  and  a 
lack  of  salt.  However,  the  potential  might  be  very  large  if  (1)  ocean  water 
is  imported  and  brine  made  from  ocean  water,  or  (2)  if  the  importation  of  salt 
via  ocean  shipping  can  be  realized.  In  the  panhandle  area  the  estimated 
potential  is  500  MU. 

Institutions  in  Florida  are  interested  in  the  solar  pond  concept 
and  are  studying  pits  remaining  from  the  mining  of  phosphate  ore.  Large  land 
areas  are  being  exposed  in  this  manner  which  are  otherwise  unusable  because  of 
low-level  residual  radiation.  One  of  the  concepts  being  promoted  for  Florida 
is  combining  solar  ponds,  open  phosphate  pits,  and  new  generation  coal-fired 
power  plants.  The  coal-fired  power  plants  will  utilize  calcium-carbonate  in 
cleaning  the  flue  gas.  This  will  generate  large  quantities  of  calcium-sulfate 
mixed  with  fly  ash.  This  material  is  likened  to  a low-grade  cement.  If  handled 
quickly,  it  can  be  spread  on  the  bottom  of  the  phosphate  ponds  to  any  depth 
desired,  creating  an  impervious  liner.  An  enormous  quantity  of  residue  phos- 
phate fly  ash  is  expected  to  be  generated  which  will  be  sufficient  for  lining 
many  solar  ponds.  Therefore,  the  estimated  potential  for  Florida  is  2000  MU. 


5.5  DESALINATION  SECTOR 

5.5.1  Desalination  Processes 

The  separation  of  water  from  salts  in  an  aqueous  solution  can  be 
accomplished  by  a number  of  desalination  processes.  A complete  listing  of  the 
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available  processes  is  presented  in  Table  5-28.  For  a thorough  discussion  of 
these  processes,  the  reader  is  referred  to  the  literature  (e.g.,  Catalytic, 

Inc.,  1979).  The  present  discussion  of  solar  pond  applicability  to  and 
potential  for  desalination  applications  is  limited  to  those  processes  that  are 
approaching  technological  maturity  and  appear  to  be  promising  in  terms  of 
wide-scale  usage.  These  processes  are  distillation  (either  multistage  flash 
or  vertical-tube  evaporators)  and  reverse  osmosis  for  high  salinity  feed 
waters,  and  reverse  osmosis  and  electrodialysis  for  low  salinity  feedwaters 
(Larson  and  Associates,  1977). 

A substantial  desalination  market  is  expected  in  the  United  States 
by  the  year  2000.  As  of  May  1981,  the  total  installed  plant  capacity  was 
272.9  million  gal/day  (mgd),  up  from  100.3  mgd  in  1977  (El-Ramly  and  Congdon) 
1977;  El-Ramly  and  Congdon,  1980).  The  demand  is  expected  to  continue  growing 
largely  due  to  the  impact  of  the  Federal  Water  Pollution  Control  Act,  the  Safe 
Drinking  Water  Act,  and  also  in  response  to  local  water  shortages.  Arthur  D. 
Little,  Inc.,  in  a 1972  report  sponsored  by  the  U.S.  Department  of  Interior 
(Office  of  Saline  Water),  projected  the  site  and  regional  distribution  of  the 
U.S.  desalination  market  (Rothmerel,  1972).  Of  the  demand  projected  for  the 
year  2000,  desalination  of  high-salinity  feedwater  (ca.  35,000  ppm,  as  for  sea 
water)  and  of  low-salinity  feedwater  (ca.  2,000  to  5,000  ppm,  as  for  brackish 
or  waste  waters)  would  amount  to  2003  mgd  and  516  mgd,  respectively.  The 
Fluor  Co.,  in  a 1978  report  to  the  U.S.  Department  of  the  Interior  (Office  of 
Water  Resources  Technology)  projected  a demand  of  970  mgd  and  18,090  mgd  for 
high-  and  low-salinity  feedwaters,  respectively  (Flour  Engineers  and 
Constructors,  Inc.,  1978).  A major  source  of  the  above  discrepancy  results 
from  differing  projections  of  the  market  siae  for  cleanup  of  return  flows  from 
manufacturing  and  thermal  electric  generation  (Table  5-29). 

The  projections  of  solar  pond  potential  for  desalination  presented 
herein  are  based  on  the  lower  desalination  market  projections  given  in  the 
1972  Arthur  D.  Little  report.  This  is  an  arbitrary  choice  but  reflects  the 
rough  correlation  jf  the  1972  estimate  for  1980  total  desalting  demand  (301  mgd) 
with  the  actual  1981  total  installed  desalting  plant  capacity  (273  mgd).  In 
addition,  the  1972  report  includes  estimates  of  the  regional  distribution  of 
the  desalination  market.  These  estimates  are  useful  in  projecting  the 
regional  distribution  of  the  potential  market  for  solar  ponds  in  desalination. 

The  following  sections  describe  the  applicability  and  regional 
potential  of  solar  pone's  as  an  energy  source  for  the  various  desalination 
technologies. 


5.5.2  Desalination  Technologies  and  Their  Energy  Requirements 

Desalination  processes  are  based  on  a change  of  phase  (distillation 
and  freeaing),  on  selective  transport  using  membranes  (electrodialysis  and 
reverse  osmosis),  or  on  chemical  bonding  (ion  exchange).  A general  schematic 
cf  plant  components  conmon  to  all  desalting  processes  is  shown  in  Figure  5-18. 
The  feedwater  is  screened  to  remove  suspended  solids  and  debris  and  then 
treated  to  prepare  the  water  for  desalination  and  to  ensure  more  efficient  and 
troublefree  plant  operation.  The  primary  plant  effluents  are  product  water 
and  concentrated  brine  reject  streams.  In  some  processes,  a vent  stream  is 
required  to  remove  gaseous  byproducts.  The  nature  of  the  post-treatment  step 
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Table  5-28.  Desalination  Process  Categorisation 


Category 


Process 


Phase  Change:  Distillation 


Phase  Change:  Crystallization 


Vertical  Tube  Evaporator 
Multistage  Plash 
Vapor  Compression 
Single-effect  Solar  Still 
Multi-effect  Solar  Still 

Vacuum  Frees l ng/ Vapor  Compression 
Secondary  Refrigerant  Freezing 
Hydrate  Formation 


Electrodialysis 
Transport  Depletion 
Reverse  Osmosis 

Ion  exchange 


Table  5-29. 

Desalting  Market  Projections  for  the 

Year  2000 

Feedwater  Type 

Projections 

Arthur  D.  Little 

Fluor  Engrs. 

Low- Salinity 

516.4  mgd 

28,090  mgd 

High-Salinity 

2002.8  mgd 

910  mgd 

Total 

2519.2  mgd 

29,000  mgd 

Membrane 

Chemical 

Combinations  of  the  Above 
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Figure  5-18. 


General  Desalting  Plant  Schematic  (Sontce:  Catalytic  Inc,  1979) 
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depends  on  the  Intended  water  use.  The  processes  most  likely  to  be  comer* 
c'allzed  on  a large  scale  are  discussed  briefly  below. 

The  distillation  process  Is  based  on  the  evaporation  of  water  from 
a saline  solution  (Figures  5-19  through  5-22).  The  dissolved  collds,  being 
less  volatile  than  water,  reaain  in  solution.  There  are  several  variations  of 
the  distillation  process  including  smltistage  flash  evaporation,  multlple- 
effect  evaporation  (in  particular,  vertical  tube  evaporation),  and  vapor 
compression.  The  energy  input  to  the  process  is  the  thermal  energy  required 
to  vaporize  the  4a ter  in  the  saline  solution  and  mechanical  energy  to  pump  the 
process  streams  through  the  plant.  The  mechanical  energy  is  typically  derived 
directly  from  electrical  energy. 

In  reverse  osmosis,  dissolved  solids  are  separated  from  water  by 
imposing  a relatively  high  pressure  (ca.  400-600  psl)  on  a saline  solution  in 
contact  with  a semi-permeable  membrane  (Figures  5-23  and  5-24).  As  the  pressure 
is  applied,  relatively  pure  water  is  transported  through  the  membrane  leaving 
a more  concentrated  solution  (brine  waste)  on  the  high  pressure  side.  The 
energy  input  to  the  process  is  purely  mechanical  (electrical)  to  drive  the  pumps. 

The  electrodialysis  process  removes  dissolved  solids  by  applying 
an  electric  potential  across  a set  of  alternately  stacked  anion-permeable  and 
cation-permeable  membranes  (Figures  5-25  and  5-26).  Thus,  dissolved  ions  move 
through  the  membranes  to  produce  alternate  channels  of  relatively  pure  water 
and  more  concentrated  brine.  The  energy  input  to  the  process  is  the 
mechanical  (electrical)  energy  required  for  pumping  and  the  electrical  energy 
required  to  establish  the  driving  potential  for  ion  migration. 

Product  water  costs  for  distillation  do  not  increase  significantly 
as  feedwater  salinity  Increases,  whereas  the  opposite  is  true  for  the  membrane 
processes.  Therefore,  although  membrane  processes  are  economically  attractive 
for  desalination  of  low-salinity  feedwater,  distillation  remains  competitive 
for  high-salinity  feedwater. 

The  thermal  and  electrical  energy  requirements  for  multi-stage 
flash  evaporation  at  a relatively  high  temperature  (266°F)  and  at  a lower 
value  (194°F),  for  electrodialysis  of  several  feedwaters  of  varying 
composition,  and  for  vertical  tube  evaporation  and  reverse  osmosis  are  shown 
in  Table  5-30.  Capital,  operating  and  maintenance,  conventional  energy  costs, 
and  final  water  costs  are  shown  in  Tables  5-31  through  5-34.  The  variance  of 
electrodialysis  energy  requirements  and  costs  with  composition  for  low-salinity 
feedwater  is  shown  for  different  low-salinity  feedwaters  representative  of  the 
range  of  waters  found  throughout  the  United  States  (Table  5-35). 


5.5.3  Solar  Pond  and  Desalination  Plant  Process  Coupling 

It  is  possible  to  use  a solar  pond  to  supply  thermal,  mechanical 
or  electrical  energy  to  a desalination  process.  The  possible  energy  path 
coupling  configurations  of  a solar  pond,  a secondary  energy  source  and  a 
desalination  plant  are  shown  in  Figure  5-27.  It  is  also  possible  to  use  the 
waste  brine  effluent  from  the  desalination  plant  as  a feed  stream  to 
evaporation  ponds  for  production  of  concentrated  brine  for  maintenance  of  the 
solar  pond  or  for  initial  filling  of  additional  solar  ponds  at  the  nearby 
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Figure  5-21.  Triple-Effect  Falling-Film  (VTE)  Desalting  Process 
'Source:  Catalytic,  Inc.,  1979) 
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Figure  5-22.  Cut-Away  Vertical  Tube  Evaporator  (Source! 
1979) 
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Figure  5-23*  Reverse  Osmosis  Plan  Flowchart  (Source:  Catalytic,  Inc*,  1979) 
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Figure  5-24.  Principle  of  Reverse  Osmosis  (Source:  Catalytic,  Inc*,  1979) 


Table  5-30.  Desalination  Thermal  and  Electrical  Energy  Requirements* 
(in  SI  and  conventional  units) 


Feedwater:  Low  Salinity  (2 ,000-5 ,000  ppm) 


High  Salinity  (35,000  ppm) 


Electrical  Thermal 

HJe/m3  (kMhe/kgal)  MJt/m3  (Ib/Utut) 


Electrical 
MJe/m3  (kMhe/kgal) 


MJt/m3 


Thermal 

lb/Ututb 


Process: 


Distillation 

HSF(129°C)C 

— 

— 

VTE(129°C)<* 

— 

— 

MSP(90°C) 

— 

— 

Reverse  Osmosis 

9.5 

(10.0) 

Blectrodialysis 

Water  Typce  #1 

10.4 

(11. 0) 

#2 

5.9 

(6.2) 

#3 

7.1 

(7.5) 

#4 

13.1 

(13.8) 

4.8 

(5.0) 

194 

(12) 

2.4 

(1.5) 

194 

(12) 

10.3 

(10.8) 

232 

(10) 

36.1 

(38.0) 

•Source:  Larson  and  Associates,  1979. 

b"lb/kBtut"  is  the  so-called  "performance  ratio"  and  "kMhe/kgal"  is  a convenient  measure  of 
electrical  energy  usage. 

cMultistage  flash  distillation. 

^Vertical  tube  evaporator  distillation. 

•Compositions  of  water  types  #1  through  #4  are  given  in  Table  5-35. 
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Table  5-31.  Fixed  Charges  cor  Desalted  Water:  First  Quarter,  1979* 

(costs  in  t/kgal) 


Feedwater  Low  Salinity  (2,000-5,000  ppw)  High  Salinity  (35,000  ppw) 


Process 

Plant  Capacity  (agd)b 
Distillat ion 
HSF(l29°C)c 
VTE( !29°C)d 
MSF(90°C)c 

Plant  Capacity  (agd) 
Reverse  Os nos is 

Plant  Capacity  (agd) 
Electrodialysis 
Water  Typee  #1 
#2 
#3 
#4 


•Source:  Larson  and  Associates,  1979. 

^agd  * ail lion  gallons  per  day. 
cHultistage  flash  distillation. 

^Vertical  tube  evaporator  distillation. 

•Coa posit  ions  of  water  types  #1  through  4 are  given  in  Table  5-35. 
^Inforaation  unavailable. 


1.0 

5.0 

25.0 

0.70 

0.47 

0.40 

1.0 

5.0 

25.0 

0.80 

0.71 

0.59 

0.71 

0.61 

0.50 

0.60 

0.51 

0.41 

0.73 

0.63 

0.51 

1.0 

5.0 

100.0 

4.66 

3.21 

1.74 

4.18 

2.87 

1.31 

4.86 

3.94 

f 

1.0 

5.0 

2.60 

2.36 

5-80 


Table  5-32.  Operating  and  Maintenance8  Charges  for  Desalted  Water: 
First  Quarter,  1979b  (costs  in  $/kgal) 


Feedwater 


Low  Salinity  (2,000-5,000  pptn)  High  Salinity  (35,000  ppm) 


Process 

Plant  Capacity  (mgd)c 
Distillation 
MSF(129°C)d 
VTE(129°C)e 
MSF(90°C)d 


Plant  Capacity  (mgd) 

1.0 

5.0 

25.0 

Reverse  Osmosis 

0.42 

0.35 

0.30 

Plant  Capacity  (mgd) 
Electrodialysis 

1.0 

5.0 

25.0 

Water  Type*  #1 

0.25 

0.19 

0.14 

#2 

0.24 

0.18 

0.13 

#3 

0.22 

0.16 

0.11 

#4 

0.23 

0.18 

0.13 

100.0 


aIncludes  general  and  administrative  costs,  supplies  and  maintenance,  chemicals 
and  materials. 

^Source:  Larson  and  Associates,  1979. 

cmgd  » million  gallons  per  day. 

Multistage  flash  distillation. 

Vertical  tube  evaporator  distillation. 

^Compositions  of  water  types  #1  through  4 are  given  in  Table  5-35. 

Slnformation  unavailable. 


Table  5-33.  Conventional  Energy  Charges  for  Desalted  Water: 
First  Quarter,  1979a  (costs  in  $/kgal) 


Feedwater  Low  Salinity  (2,000-5,000  ppm)  High  Salinity  (35,000  ppm) 


Process 

Distillation 

MSF  ( 129°C  )b  0.85 

VTE(129°C)c  0.73 

MSF(90°C)b  0.89 

Reverse  Osmosisd  0.255  0.95 

Elec trod ialysisd 

Water  Typee  #1  0.27  — — 

#2  0.15  

#3  0.19  

#4  0.34  


aSource : Larson  and  Associates,  1979. 

bMu  ltistage  flash  distillation  (energy  from  oil-fired  boiler;  steam  at  $0.98/MBtu 
and  electrical  energy  at  $0.0344/kWhe) . 


cVertical  tube  evaporator  distillation  (energy  from  oil-fired  boiler). 
^Electrical  energy  for  membrane  processes  at  $0.025/kWhe. 

Compositions  of  water  types  #1  through  4 are  given  in  Table  5-35. 
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Table  5-34.  Final  Water  Costs  for  Desalted  Water:  First  Quarter,  1979* 

(costs  in  $/kgal) 


Feedwater  Low  Salinity  (2,000-5,000  ppm) 


Process 

Plant  Capacity  (mgd)b 
Distillation 
MSF(129°C)c 
VTE( 129°C)d 
MSF(90°C)c 


Plant  Capacity  (mgd) 

1.0 

5.0 

25.0 

Reverse  Osmosis 

1.37 

1.07 

0.95 

Plant  Capacity  (mgd) 
Electrodialysis 

1.0 

5.0 

25.0 

Water  Typee  #1 

1.32 

1.17 

1.00 

#2 

1.10 

0.94 

0.78 

#3 

1.00 

0.86 

0.71 

#4 

1.31 

1.15 

0.98 

High 

Salinity 

(35,000  ppm) 

1.0 

5.0 

100.0 

6.41 

4.44 

2.86 

5.77 

3.93 

2.26 

6.73 

5.23 

f 

1.0 

5.0 

4.61 

4.31 

aSource:  Larson  and  Associates,  1979. 

bmgd  « million  gallons  per  day. 

Multistage  flash  distillation. 

Vertical  tube  evaporator  distillation. 

Compositions  of  water  types  #1  through  4 are  given  in  Table  5-35. 
^Information  unavailable. 
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Table  5-35.  Chemical  Compositions  of  Typical  Brackiah  Waters* 


Chemical  Composition  (ppm) 

#1 

Water  Type 
#2 

#3 

#4 

Sodium  (Na) 

886 

125 

630 

900 

Calcium  (Ca) 

118 

316 

116 

250 

Magnesium  (Mg) 

72 

69 

15 

70 

Chloride  (Cl) 

131 

67 

1054 

1450 

Sulfate  (SO^) 

1943 

900 

115 

590 

Bicarbonate  (HCO^) 

473 

357 

78 

210 

Hardness  as  CaGO^ 

590 

1073 

354 

912 

Manganese  (Mn) 

2 

0.10 

0 

0.1 

Fluoride  (F) 

2 

Iron  (Fe) 

2 

1.0 

0 

0.4 

Potassium  (K) 

16 

13 

0 

5 

Nitrate  (NO^) 

6.3 

19 

9 

1 

Silicate  (SiO}) 

17 

Total  Dissolved  Solids 

3648 

1800 

2076 

3475 

pH 

7.6 

7.9 

8.1 

7.3 

Temperature 

70 

70 

70 

70 

Organics  (Chemical  Oxygen  Demand) 

10 

7.9 

7 

*Source:  Larson  and  Associates,  1979. 

site.  Use  of  waste  brine  may  reduce  or  eliminate  desalination  plant  effluent 
disposal  costs  and  may  reduce  solar  pond  costs  through  reduction  in 
evaporation  pond  area.  However,  the  technical  and  economic  feasibility  of 
such  a coupling  is  highly  site-dependent,  and  is  not  considered  further  in 
this  report. 


The  thermal,  mechanical  and  electrical  requirements  for  the 
various  desalination  processes  may  be  satisfied  by  a solar  pond  alone;  a solar 
pond  in  conjunction  with  another  energy  source;  or  another  energy  source  alone 
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The  thermal  energy  source  must  be  located  on-alte  due  to  energy 
transport  loss  considerations,  whereas  a solar  pond  or  other  source  of 
electrical  energy  may  be  located  either  on-site  or  off-site  with  energy  fed 
through  the  local  power  grid.  A discussion  of  some  of  the  considerations 
involved  in  plant  design  resulting  from  different  configurations  follows. 

Note  that  solar  pond-desallnatlon  plant  cost  optimisation  will  consider  a 
multitude  of  factors  including  seasonal  water  demand,  cogeneration  incentives, 
site  specific  pond  and  plant  costs,  and  conventional  energy  costs. 


5. 5. 3.1  Membrane  Desalination!  Reverse  Osmosis  and  Electrodialysis. 

5. 5. 3. 1.1  On-site  Solar  Pond  for  Electrical  Energy.  It  is  possible  to  use 
an  on-site  solar  pond  to  provide  electrical  energy  for  membrane  desalination. 
However,  as  for  ail  on-slte  applications  of  solar  ponds,  siting  criteria  and 
constraints  over  and  above  that  required  for  the  application  process  must  be 
satisfied.  It  is  not  possible  to  estimate  the  fraction  of  sites  at  which 
membrane  desalination  plants  are  likely  to  be  installed  that  would  also 
satisfy  solar  pond  siting  constraints  and  criteria  without  a site-by-site 
examination. 


The  electrical  output  from  a solar  pond  power  plant  will  usually 
exhibit  some  seasonal  variance  due  to  seasonal  fluctuations  in  climatic 
conditions.  Judicious  selection  of  design  and  operating  specifications  can  be 
effective  in  reducing  the  ratio  of  peak-to-average  power  output.  However, 
constraining  the  pond  to  minimal  power  output  variance  may  result  in  a modest 
reduction  in  annual-average  pond  electrical  output. 

System  design  optimization  will  probably  result  in  sizing  the 
solar  pond  so  that  the  power  generation  rate  is  greater  than  the  rated  demand 
of  the  desalination  plant  during  portions  of  the  year.  The  excess  electrical 
energy  can  be  diverted  to  an  alternate  on-slte  use  or  to  the  power  grid  during 
periods  of  high  solar  pond  power  generation.  If  the  solar  pond  output  is  less 
than  the  desalination  plant  electrical  demand  during  any  portion  of  the  year, 
desalination  plant  will  be  operated  at  less  than  rated  plant  capacity.  These 
concepts,  known  as  "clipping,"  are  shown  graphically  In  Figure  3-28.  It 
should  be  noted  that  seasonal  variance  of  desalination  plant  output  may  be 
deslreable  to  satisfy  a varying  water  demand. 


5. 5. 3. 1.2  On-Site  Solar  Pond  in  Conjunction  with  Another  Energy  Source.  Use 
of  an  on-slte  solar  pond  in  conjunction  with  another  energy  source  permits 
design  without  "clipping”  of  either  solar  pond  or  desalination  plant  output. 

A likely  scheme  would  be  for  the  desalination  plant  to  operate  at  or  near  the 
peak  solar  pond  electrical  output  rate.  During  the  remainder  of  the  year,  the 
other  energy  source  would  provide  sufficient  energy  to  maintain  desalination 
plant  production  at  the  rated  plant  output.  This  scheme  could  be  modified  to 
reflect  utility-initiated  incentives  that  would  promote  the  use  of  the  solar 
pond  as  an  Independently  operated  power  plant  supplying  power  into  the  grid. 


5. 5. 3. 1.3  Off-slte  Solar  Pond.  Use  of  an  off-site  solar  pond  simplifies 
site-selection  criteria.  Coupling  the  solar  pond  and  desalination  plant 


CLIPPING  OF  SOLAR  POND 


Figure  5-28.  Clipping  of  Solar  Pond  and  Desalination  Plant  Output 


through  the  local  power  grid  eliminates  all  "clipping"  considerations  and 
places  analysis  of  the  solar  pond  applicability  and  potential  under  the 
heading  of  solar  pond  applicability  and  potential  for  power  generation. 


5. 5. 3. 2 Distillation  Desalination.  Use  of  a solar  pond  for  distillation 
is  technically  feasible  for  either  thermal  or  electrical  process  energy 
requirements.  The  considerations  are  somewhat  more  complex  than  for  membrane 
desalination  where  only  electrical  energy  Is  needed.  The  following  paragraphs 
detail  some  of  the  aspects  of  coupling  a solar  pond  with  a moderate  or  high 
temperature  distillation  plant.  The  processes  Included  in  Tables  5-30  through 
5-34  are  multiple  stage  flash  at  194  and  266°P  and  vertical  tube  evaporation 
at  266°F.  Lower  temperature  distillation  (ca.  167°F)  Is  technically  feasible, 
but  at  somewhat  lower  process  energy  efficiency  and  higher  costs.  Cost 
estimates  for  lower  temperature  distillation  are  not  available  on  as  complete 
a basis  as  for  higher  temperature  distillation. 


5. 5. 3. 2.1  On-site  Solar  Pond  for  Thermal  Energy.  It  is  not  generally  feasible 
for  a solar  pond  to  serve  as  a sole  energy  source  for  thermal  energy  for 
moderate  (194°F)  or  high  (266°F)  temperature  distillation.  A more  attrac- 
tive option  is  to  couple  a solar  pond  with  a low- temperature  (ca.  167°F) 
distillation  plant.  The  "clipping"  considerations  apply  to  thermal  applica- 
tions as  well  as  to  electrical. 


5. 5. 3. 2. 2 On-site  Solar  Pond  for  Thermal  and  Electrical  Energy.  Use  of  solar 
ponds  for  distillation  thermal  and  electrical  energy  entails  the  considerations 
previously  discussed  for  coupling  of  an  on-site  solar  pond  with  a membrane 
desalination  plant  as  well  as  those  factors  discussed  in  the  preceeding  para- 
graphs regarding  thermal  energy  supply.  In  addition,  the  profiles  of  thermal 
and  electrical  energy  production  from  a pond  operating  at  a nominal  temperature 
of  approximately  167°F  will  differ  significantly  in  shape  due  to  seasonal 
variance  of  the  thermal-to-electrlc  conversion  efficiency  which  is  determined 
by  the  annual  ambient  and  storage  zone  temperature  profiles.  Therefore,  a 
solar  pond  that  supplies  both  thermal  and  electrical  power  to  a distillation 
plant  will  require  other  energy  sources  for  both  thermal  and  electrical  power 
in  order  to  maintain  constant  desalination  plant  output. 


5.5.4  Potential  for  Solar  Ponds  in  Desalination 

Projections  for  the  year  2000  of  the  regional  distribution  of 
desalination  demand  are  shown  in  Table  5-36.  The  data  was  obtained  by 
redistributing  projections  (Rothmerel,  1972)  for  demand  in  20  hydrogeologic 
regions  among  the  12  regions  as  defined  in  Section  3.1.  The  redistribution  is 
based  solely  on  land  area  assignments  and  does  not  reflect  more  precise 
considerations  of  desalination  demand  distribution.  Data  was  insufficient  for 
projections  of  demand  for  Alaska,  Hawaii,  and  Puerto  Rico. 

Projections  for  the  solar  pond  potential  as  an  energy  source  for 
desalination  are  shown  in  Tables  5-37  and  5-38  for  low-  and  high-salinity 
feedwater,  respectively.  The  values  shown  are  the  total  area  dedicated  to 
solar  ponds  for  desalination  based  on  pond-plant  coupling  configurations  as 
described  below. 
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Table  5-36.  Projections  of  Year  2000  Regional  Distribution  of 
Desalination  Market8 


Desalted  Water  Demand 


Region 

High-Salinity 
Feedwater 
mgd  m^/s 

Low-Salinity 
Feedwater 
mgd  mVs 

Southwest 

811.4 

35.6 

113.8 

4.99 

Salt  Lake 

576.0 

25.3 

99.5 

4.36 

Red  River 

322.8 

14.2 

81.7 

3.58 

Pacific  Northwest 

28.4 

1.3 

10.2 

0.45 

Black  Hills 

0.0 

0.0 

68.2 

1.99 

Great  Lakes 

0.0 

0.0 

92.6 

4.06 

Tennessee 

66.3 

2.9 

27.8 

1.22 

Gulf  Coast 

186.2 

8.2 

18.1 

0.79 

Atlantic  Northeast 

11.9 

0.5 

4.4 

0.19 

Alaska 

b 

b 

b 

b 

Hawaii 

b 

b 

b 

b 

Puerto  Rico 

b 

b 

b 

b 

aSource:  Rothmerel,  1972. 

^Insufficient  data  available  for  estimation  of  desalination  market  In  Alaska, 
Hawaii,  and  Puerto  Rico. 


The  energy  requirement  for  desalination  of  low-sallnlty  feedwater 
is  assumed  to  be  9.5  MJe/m2,  which  represents  an  approximate  average  of  the 
electrodialysis  and  reverse  osmoals  values  reported  In  Table  5-18.  The  rate 
of  solar  pond  electrical  power  generation  reported  In  Section  3.2.4  Is  for 
operation  at  a constant  lower  convectlng  zone  temperature,  and  thereby 
represents  a summer-peaking  pond.  It  Is  assumed  that,  as  an  approximation, 
the  rate  of  power  generation  would  not  be  significantly  changed  by  operation 
of  the  pond  in  a more-levellzed  output  mode.  Therefore,  the  projections  are 
equally  applicable  to  an  on-site  solar  pond  coupling  with  minimal  clipping  of 
pond  output  and  no  other  energy  source,  and  to  an  off-site  pond  coupling.  As 
shown  In  Table  5-37,  the  United  States'  potential  for  solar  ponds  for 
desalination  of  low-sallnlty  feedwater  amounts  to  141.7  km2  based  on  100% 
market  penetration  and  a water  demand  of  516.3  mgd.  The  total  energy  required 
for  this  demand  Is  215  MWe,  corresponding  to  0.02  quad/yr  of  fossil  fuel. 

Table  5-38  presents  pond  area  requirements  for  a high-salinity 
feedwater  desalination  plant.  Based  on  distillation  plants,  the  United 
States'  potential  for  solar  ponds  for  desalination  of  hlgh-sallnlty  feedwater 
is  516.2  km2,  yielding  20359.6  MWt  (0.61  quad/yr).  Alternatively,  using 
reverse  osmosis  technology,  the  pond  area  required  Is  1358.0  km2,  yielding 
3168  MWe  (0.29  quad/yr).  The  computations  for  the  hlgh-sallnlty  reverse 
o8sk>s1s  plants  assume  an  energy  requirement  of  36.1  MJe/m^  and  apply  to  the 
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Table  5-37.  Projection  of  Year  2000  Low-Salinity  Feedwater  Desalination 
Solar  Pond  Area  Requirements 


Region 

Desalted 
Water  Demand 
mgd  mJ/s 

Bnergy  Demand 
at  9.5  MJe/m* 
MWe 

Pond  Output 
Rating 

We/m* 

Pond  Area 
k.2 

Southwest 

113.8 

4.99 

47.4 

3.12 

15.2 

Salt  Lake 

99.5 

4.36 

41.4 

2.31 

17.9 

Red  River 

81.7 

3.58 

34.0 

1.94 

17.5 

Pacific  Northwest 

10.2 

0.45 

4.3 

1.43 

3.0 

Black  Hills 

68.2 

2.99 

28.4 

1.01 

28.1 

Great  Lakes 

92.6 

4.06 

38.6 

0.84 

46.0 

Tennessee 

27.8 

1.22 

11.6 

1.61 

7.2 

Gulf  Coast 

18.1 

0.79 

7.5 

1.80 

4.2 

Atlantic  Northwest 

a 

a 

1.8 

0.68 

2.6 

Alaska 

a 

a 

a 

0.00 

0.0 

Hawaii 

a 

a 

a 

2.71 

a 

Puerto  Rico 

a 

a 

a 

2.72 

a 

U.S.  Total 

516.3 

22.63 

215.0 

141.7 

insufficient  data  available  for  estimation  of  desalination  market 
Alaska,  Hawaii,  and  Puerto  Rico. 

in 

same  coupling  configurations  as  described  above.  The  pond-plant  coupling 
chosen  for  the  distillation  plants  is  based  on  assumption  of  lower  temperature 
operation  than  is  now  economically  optimal  with  conventional  energy  sources. 

It  is  assumed  that  technological  improvements  will  allow  for  reduction  of 
thermal  energy  requirements  at  167°F  to  232  MJt/m*  (10  lb/kBtut).  The 
coupling  configuration  specified  here  is  for  a solar  pond  to  provide  constant 
temperature,  variable  load  thermal  energy.  The  remaining  thermal  energy 
requirement  and  plant  electrical  requirements  are  supplied  by  another  energy 
source.  Although  this  coupling  configuration  is  a reasonable  choice,  it  does 
not  necessarily  represent  the  optimal  coupling  of  a solar  pond  with  a 
distillation  plant.  In  fact,  the  optimal  coupling  configuration  chosen  is 
likely  to  vary  as  a function  of  site-dependent  considerations. 
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Table  5-38.  Projection  of  Year  2000  High-Salinity  Feedwater  Desalination  Solar  Pond  Area  Bequireaents 


Region 

Desalted 
Water  Demand , 
mgd  a}/ s 

Reverse  Osmosis 

Distillation 

Energy  Demand 
at  36.1  MJe/m3, 
KWe 

Pond  Output 
Rating, 
We/a* 

Pond 

Area, 

km2 

Energy  Demand 
at  232  HJt/m3 
MWt 

Pond  Output 
, Ratine, 

Wt/m* 

Pond 

Area, 

k-2 

Southwest 

811.4 

35.5 

1283.3 

3.11 

412.6 

8247.5 

52.95 

155.8 

Salt  Lake 

576.0 

25.2 

911.0 

2.31 

394.4 

5854.8 

36.53 

160.3 

Red  River 

322.8 

14.1 

510.6 

1.94 

263.2 

3281.1 

35.07 

93.6 

Pacific  Northwest 

28.4 

1.2 

44.9 

1.43 

31.4 

288.7 

22.92 

12. b 

Black  Hills 

0.0 

0.0 

0 

1.01 

0.0 

0 

Ib.oO 

0.0 

Great  Lakes 

0.0 

0.0 

0 

0.84 

0.0 

0 

13.49 

0.0 

Tennessee 

66.3 

2.9 

104.9 

1.61 

65.1 

673.9 

28.62 

23.5 

Culf  Coast 

186.2 

8.2 

294.5 

1.80 

163.6 

1892.6 

31.75 

59.6 

Atlantic  Northeast 

11.9 

0.5 

18.8 

0.68 

27.7 

12.1 

11.17 

10.8 

Alaska 

a 

a 

a 

0.00 

0.0 

a 

0.00 

0.0 

Hawaii 

a 

a 

a 

2.71 

a 

a 

47.59 

a 

Puerto  Rico 

a 

a 

a 

2.72 

a 

a 

48.43 

a 

2003.0 

87.6 

3168.0 

1358.0 

20359.6 

516.2 

•insufficient  data  available  for  estiaation  of  desalination  market  in  Alaska,  Hawaii,  and  Pwerto  Rico 


SECTION  6 


SOLAR  POND  ECONOMICS 


This  portion  of  the  report  develops  cost  estimates  for  the  energy 
delivered  from  solsr  ponds,  and  compares  these  cost  estimates  with  energy 
costs  from  alternatives.  Dsts  are  developed  for  each  region  and  application 
on  solar  pond  system  costs  and  performance,  tax  rates,  investment  tax  credits, 
escalation  rates  for  input  prices,  depreciation  schedules,  etc*  This  informs* 
tion  is  summarised  in  Section  6.2,  and  is  utilised  in  the  Energy  8ystems  Eco- 
nomic Analysis  (E8EA)  model  (described  in  Section  6.1)  to  derive  estimates  of 
solar  pond  output  cost  by  region  and  application.  These  energy  output  costs, 
and  their  sensitivity  to  system  and  economic  assumptions,  are  presented  in 
Section  6.3.  Conventional  energy  costs  are  indicated  in  8ection  6.4,  and  a 
final  section  compares  conventional  and  solar  pond  energy  costs. 


6.1  COST  MODEL  DESCRIPTION 

This  financial  analysis  determines  busbar  energy  cost  (BBEC), 
which  is  the  minimum  price  which  solar  pond  energy  users  would  have  to  pay  in 
order  for  investors  to  cover  solar  pond  system  costs.  Energy  charges  will 
vary  with  the  assumptions  made  about  pond  construction  coots,  system  lifetime 
and  performance  characteristics,  application-related  specifics,  and  the 
financial  environment  in  which  the  solar  pond  system  is  operated. 

The  procedure  for  deriving  the  cost  of  delivered  energy  is 
discussed  in  the  remainder  of  this  section.  Basically,  delivered  energy  cost 
(BBEC)  may  be  calculated  as 

_ LCC  * CRF 
BBEC  CAP  • CF  • 8760 


where 

BBEC  * busbar  energy  cost 
LCC  * solar  pond  life-cycle  costs 
CRF  ■ capital  recovery  factor 
CAP  • system  capacity 
CF  • capacity  factor 

A discussion  of  these  variables  and  their  derivation  is  included  in  the 
following  subsections. 

Before  describing  the  methods  used  to  aggregate  costs  and  energy 
output,  a discussion  of  the  concept  of  discounting  will  be  helpful.  The  pat- 
terns of  cost  and  revenue  flow  are  very  important  to  investors.  Uncertainty, 
the  possibility  of  investment  obsolescence,  alternative  uses  of  investment 
dollars  and  other  such  factors  make  options  with  immediate  and  rapid  returns 
more  attractive  than  options  for  Which  the  same  returns  occur  store  slowly. 
Thus,  the  shape  of  a net  income  curve  is  as  important  as  the  ares  beneath  it. 
For  example,  investors  would  view  a system  that  generates  $70,000  in  revenues 
the  first  year  and  negligible  benefits  thereafter  differently  than  they  would 
a system  which  generates  $7,000  every  year  for  10  years,  or  a system  providing 


170,000  only  In  tho  tenth  year,  nvnn  though  all  throo  Systran  provide  $70,000 
In  rsvsnuss  ovsr  thnlr  usabls  lifetime.  To  account  for  thaas  dlffarancas, 
financial  analysis  utilises  the  concept  of  discounting*  The  coots  and  revenues 
occurring  in  any  period  MtM  are  weighted  by  the  discounting  tera  (1  I)"1, 

where  R is  the  investor's  discount  rate.  This  tera  indicates  that  future 
revenues  are  less  desirable  coapared  to  present  ones,  and  future  taxes  are  not 
as  burdensoae  as  current  payaents.  Discounting  allows  nuaerous  cost  outflows 
and  revenue  inflows,  which  occur  In  different  tiae  periods,  to  be  aggregated 
into  a single  nuaber. 


6*1.1  Solar  Pond  Life-Cycle  Costs 

Solar  pond  system  costs  were  derived  using  a financial  node l 
(BSBA)  developed  at  JPL  (Slonskl,  1979).  This  model  calculates  life-cycle 
system  costs  based  upon  the  size  and  timing  of  costs  outflows  and  assumptions 
about  financial  considerations  such  as  taxes  and  depreciation. 

The  total  costs  of  the  system  will  be  the  summation  of  several 
terms*  The  basic  formula  for  calculating  life  cycle  costs  is: 

Life  cycle  costs  ■ capital  investment 

- tax  reduction  from  depreciation 

- tax  reduction  from  investment  tax  credits 
+ recurrent  costs 

+ Income  tax  payaents 
♦ miscellaneous  expenses 

The  initial  investment,  I,  is  described  in  Section  6.2.  Each  or  the  remaining 
terns  is  translated  into  a numerical  formula  below.  The  variables  that  will 
be  utilized  in  this  discussion  are: 

(1)  Initial  capital  cost  (1). 

(2)  Discount  rate  or  rate  of  return  (R). 

(3)  System  llfetiae  (T,  in  years). 

(4)  Depreciation  rate  (D). 

(5)  Investaent  tax  credit  rate  (ITC). 

(6)  Tax  rate  (TR). 

(7)  Annual  recurrent  costs  (Cj), 

(8)  Escalation  rate  for  recurrent  costs  (Ej). 

(9)  Miscellaneous  expense  rate  (MISC). 
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6.1. 1.1 


Tax  Reduction  from  Depreciation 


Tils  requires  calculating  a depreciation  rate,  Multiplying  the 
rate  by  the  capital  investment  to  deternine  total  depreciation!  and  then 
eniltiplying  total  depreciation  by  the  tax  rate  to  derive  the  mount  of  tax 
aavings  from  depreciation.  Depreciation  may  be  calculated  in  a number  of  nays 
and  involves  the  lifetime  of  the  system  and  the  discount  rate  used  by  the 
investor.  For  straight-line  depreciation  methods*  the  depreciation  rate  would 
be  1/T  each  year.  Since  depreciation  accruea  annually  over  the  accounting 
life  of  the  investment,  the  present  day  equivalent  of  such  a depreciation  rate 
(D)  may  be  expressed  ast 


D 


1 - (1+R)~T 
T • R 


However,  most  private  corporations,  for  tax  purposes,  use  a depreciation  rate 
that  reflects  the  fact  that  an  investment  depreciates  s»st  rapidly  in  the 
initial  years.  The  depreciation  method  used  in  this  study  is  the  eum-of-the- 
years-digits  methodt  a declining  proportion  of  the  inveatment  ia  amortised 
each  year.  For  example,  an  investment  with  a 10-year  life  has  a sum-of -years 
of  1*2+3+  ...  +9+10  ■ 55;  10/55  is  amortised  the  first  year,  9/55  the  second 
year,  and  so  on  until  1/55  is  depreciated  in  the  final  year.  Thie  pattern  of 
depreciation  has  a present  day  equivalent  depreciation  rate  oft 


2*  T - 

D • j . (i+T>  • R ^ 

Once  a depreciation  method  is  chosen,  the  depreciation  rate  nay  be  combined 
with  the  user  tax  rate  and  the  capital  investment  to  determine  the  present 
value  of  the  income  tax  savings: 

Tax  reduction  from  depreciation  • TR  • D • 1 

The  solar  pond  cost  model  uses  the  sum-of-the-years-digits  depreciation  method. 


6. 1.1.2  Tax  Reduction  from  Investment  Tax  Credits 

If  a tax  credit  for  the  new  system  exists,  it  reduces  the  tax 
burden  by  a factor  lTCt 

Tax  reduction  from  investment  tax  credit  ■ ITC  • X 


6. 1.1.3  Recurrent  Costs 

This  category  includes  all  the  recurrent  costs  (06M,  consum- 
ables, etc.)  associated  with  system  operation  throughout  its  lifetime.  Since 
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the  various  costs  could  escalate  at  different  rates*  and  these  rates  do  not 
necessarily  coincide  with  the  discount  rate*  it  will  be  necessary  to  esca- 
late  costs  separately  before  discounting  them  to  present-day  dollars.  If  Cj 
represents  annual  recurrent  costs  (escalated  from  base-year  dollars  to  dollars 
in  first  year  of  commercial  operation)  and  Ej  is  the  escalation  rate  (where 
subscript  j denotes  various  recurrent  costs)*  the  general  formula  for  a 
constant  amount  of  recurrent  costs  is  given  below.  Cj  represents  the  annual 
cost  of  parasitic  power  or  operation  and  maintenance;  the  remainder  of  the 
right-hand  side  adjusts  this  cost  into  current  dollars. 


Recurrent  Costs 


z 


c.* 

j 


1 + E. 
1 


1 + E 
1 ♦ R 


(j  * fuel,  O&M) 


6. 1.1.4  Income  Tax  Payments 

Income  tax  payments  are  based  on  an  adjustment  to  the  amortized 
investment  which  reflects  the  pre-tax  revenue  necessary  to  amortize  a given 
amount  with  after-tax  dollars.  The  adjustment  is  computed  using  the  equation 

Adjustment  “ ^ 1 (1  - TR  • D - ITC)  • I 

where  D is  the  depreciation  factor  (described  in  subsection  6. 1.1.1).  The 
income  tax  payments  are  then 

Income  Tax  Payments  ■ Adjustment  • TR 


6. 1.1.5  Miscellaneous  Expenses 

Other  payments*  such  as  property  taxes  and  insurance  premiums*  may 
be  approximated  by  a constant  multiple  (MISC)  of  the  initial  capital  cost. 

Miscellaneous  expenses  * MISC  • I 


6.1.2  Capital  Recovery  Factor 

The  capital  recovery  factor  converts  life  cycle  costs  into  a 
uniform  annual  cost  stream.  The  equation  is 


and 


CRF 


R 

1 - (1  ♦ R) 


R * 0 


CRF  - | 


R - 0 
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6.1.3  Calculating  Solar  Pond  Energy  Co8t8 

As  mentioned  previously,  energy  costa  may  be  derived  using  the 

equation: 


BBEC 


LCC  • CRT 
CAP  CF  • 8760 


From  the  discussion  in  sections  6.1.1  and  6.1.2,  life-cycle  costs  may  be 
calculated  using  the  formula 

LCC  - I - TR  • D • I - ITC  • I 


1 ♦ 


R - E. 
J 


1 - 


l ♦ eJ 

1 

1 ♦ 


J, 


♦ 


(1  - TR  • D 


ITC)  • I 


♦ HISC  • 1 

These  life-cycle  costs  are  multiplied  by  the  capital  recovery 
factor  to  get  an  annual  cost  estimate.  The  resultant  annual  cost  is  divided 
by  annual  energy  output  (system  capacity,  multiplied  by  capacity  factor  and 
the  number  of  hours  in  a year)  to  obtain  energy  output  costs. 


6.2  INPUT  DATA  FOR  FINANCIAL  ANALYSIS 

6.2.1  Capital  Costs 

The  capital  investment  associated  with  installing  a solar  pond  is 
listed  in  Table  6-1.  Pond  subbystem  cost  items  (land,  salt,  excavation, 
etc.),  heat  distribution  subsystem  costs  and  power  conversion  subsystem  costs 
are  included. 


For  thermal  applications,  a 1-acre  pond  (surface  area)  with  a depth 
of  IS. 5 ft  is  assumed.  Four  cases  were  examined,  each  of  which  represents  a 
possible  cost  scenario.  Case  1 is  based  on  the  following  cost  data:  land  at 
$5, 000/acre;  excavation  at  $l.96/m3  ($l.5/yd3);  diking  at  $1.57/m3  (SI. 2/yd3); 
5,740  tons  of  salt  at  $0. 03/kg  ($30/ton);  liner  installed  at  $7. 53/m2 
($0.7/ft2);  and  a lump-sum  cost  of  $25,000  for  instrumentation  and  miscel- 
laneous items.  This  is  equivalent  to  a unit  pond  construction  cost  of 
$75/m2,  a realistic  estimate  as  compared  with  the  recently  built  TVA  and  Gray 
Mountain  ponds.  Cost  reduction  is  possible  depending  on  the  resources  avail- 
able at  specific  sites  and  is  reflected  in  Cases  2,  3 and  4.  Cases  2 through 
4 omit  salt  costs;  this  is  an  option  if  local  salts  are  available  at  no  cost, 
or  if  brine  waste  pools  exist  (as  is  the  case  with  the  Red  River  Chloride  Con- 
trol Project  and  some  industrial  processes,  such  as  geopressurised  gas  explor- 
ation and  olive  processing).  Cases  3 and  4 assume  labor  costs  of  $50, 000/pond 
acre  rather  than  $120,000.  This  assumption  is  valid  if  minmal  diking  or 
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Table  6-1.  Solar  Pond  Capital  Coats 


A.  Thermal  Applications  (1-acre 

pond.  15.5-ft  depth) 

Cost  Item 

Case  1 

Case  2 

Case  3 

Case  4 

Land  (I03i) 

5 

5 

5 

0 

Excavation/Diking  (I03i) 

120 

120 

50 

50 

Salt  (I03i) 

110 

0 

0 

0 

Liner  (I03i) 

45 

45 

45 

0 

Instrumentation  & Miscellaneous  (103i)  25 

25 

25 

25 

Total  Pond  Construction  (103i) 

305 

195 

125 

75 

Unit  Pond  Construction  (i/m 2) 

75 

48 

31 

19 

Heat  Distribution  Subsystem  (i/m2) 

12 

12 

12 

12 

Total  (i/m2) 

87 

60 

43 

31 

Relevant 

Coov  Ranges:  Land 

0-25  (103|/acre) 

Excavation 

50-120  (103i/acre) 

Salt 

0-110  (I03i/acre) 

Liner 

0-45  (103i/acre) 

Water 

0-3  (103i/acre) 

Heat  Distribution 

12-35  (i/m2) 

B.  Electric  Power  Production 

Cost  Item  5 

Wet  Site 
Salton  Sea 
2 50- Ac re 
-MWe  Plant 

Dry  Site 
Bristol  Lake 
250- Ac re 
5 -MWe  Plant 

Wet  Site 
Salton  Sea 
26400- Ac re 
600-MWe  Plant 

Pond  Subsystem  (I0&i) 

14-18 

9-18 

558 

Power  Generating  Subsystem  (10^i) 

8 

8 

540* 

Total  Solar  Pond  System  (lO^i) 

22-26 

17-26 

1,098 

*540  is  applicable  only  to  Daggett: 
system  cost  is  proportional  to  the 

for  other 
site's  net 

sites,  power  generation  sub- 
electric power  output. 
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excavation  is  needed,  Which  is  again  true  of  a one  existing  ponds  end  of  sites 
where  existing  topography  can  be  used.  Case  4 oaits  liner  end  land  costs; 
soee  areas  have  deposits  of  usable  clays,  and  the  underlying  soils  are 
iaperaeable,  so  that  installation  of  a pond  would  not  jeopardise  freshwater 
supplies;  in  such  instances  liners  nay  be  unnecessary.  A unit  cost  of 
$12/m2  is  asauned  for  the  heat  distribution  subsystem  in  all  cases.  It 
should  be  noted  that  the  $/m2  unit  is  somewhat  artificial  but  the  cost 
estimate  is  based  on  the  study  presented  in  Section  4.2. 

For  electric  power  applications,  three  cases  were  examined.  The 
cost  estimates  are  based  on  those  made  by  Ormat  Turbines,  Ltd.  for  the  Salton 
Sea  feasibility  study  (Ormat  Turbines,  Ltd.,  1981).  As  shown  in  Table  6-1,  the 
first  case  is  associated  with  a 250-acre  solar  pond  constructed  within  the 
Salton  Sea  (wet  site).  Pond  subsystem  cost  is  estimated  at  $14  million  if  dike 
construction  material  is  obtained  from  within  the  sea,  and  at  $18  million  if 
onshore  material  is  required.  The  second  case  is  associated  with  a 250-acre 
pond  constructed  on  the  dry  lake  bed  of  Bristol  Lake,  which  is  underlain  by 
layers  of  clay  and  salts  and  covered  with  a surface  layer  of  white  crustal 
salts.  Dryland  construction  is  less  expensive  than  in-sea  construction,  and 
the  construction  cost  is  estimated  at  $9  million  if  a liner  is  not  required  and 
at  $18  million  if  a plastic  liner  is  installed.  These  two  cases  give  cost 
estimates  for  a 250-acre  experimental  pond  facility.  The  third  case  is  re- 
garded as  representative  of  a conercial  solar  pond  power  plant  which  utilises 
26,4000  acres  of  solar  ponds  and,  under  the  Salton  Sea  climatic  conditions,  is 
expected  to  have  a nominal  capacity  of  600  MWe.  As  can  be  seen  from  Table  6-1, 
a significant  fraction  of  the  total  power  plant  construction  cost  is  ascribed 
to  the  power  generating  subsystem,  and  this  fraction  increases  as  the  sise  of 
the  power  plant  gets  larger.  Included  in  the  pond  subsystem  cost  are  costs  of 
such  items  as  solar  ponds,  evaporation  ponds,  brine  make-up  and  circulation 
equipment,  cooling  and  flushing  subsystesw,  water  treatment  plant,  control 
equipment,  engineering  administration,  etc.  Power  generating  subsystem  cost 
includes  the  costs  of  turbogenerators,  heat  exchangers,  feed  pumps,  materials, 
engineering  administration,  etc.  (Ormat  Turbines,  Ltd.,  1981.  See  also 
Appendix  L).  For  the  26,400--acre  pond  case,  the  estimate  of  $540  million  for 
the  power  generating  subsystem  applies  only  to  the  Southwest  region.  For  other 
regions  with  lower  energy  yields,  the  power  generating  subsystem  cost  is 
scaled  down  according  to  the  region's  net  electrical  power  output,  as  given  in 
Table  6-2. 


There  is  one  important  caveat  to  these  capital  costs.  Solar  pond 
capital  costs  are  assumed  to  be  uniform  across  regions.  This  may  introduce 
some  bias  to  areas  where  initial  conditions  differ  widely  from  those  of  the 
Salton  Sea,  where  data  was  gathered.  For  example,  extremely  rocky  land  may 
raise  excavation  costs  at  a particular  site  in  an  area  that  looks  attractive 
under  this  analysis.  However,  Salton  Sea  conditions  were  not  felt  to  be 
unique  as  far  as  land  and  salt  availability  are  concerned,  so  these  costs  are 
assumed  to  reasonably  approximate  those  of  a typical  electricity-generating 
solar  pond.  There  is  some  analysis  of  the  sensitivity  of  energy  costs  to 
capital  costs  that  should  be  carefully  examined.  This  is  not  intended  as  a 
site-specific  study,  but  rather  to  offer  guidelines  as  to  areas  in  which  ponds 
might  be  economical. 
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Table  6-2.  Energy  Output* 


A.  Thermal 

Applications  (l-acre 

pond,  15. 5— ft  depth) 

Site 

Energy  Output  (MWth) 

Parasitic  Power  (We/m2) 

Southwest 

0.256 

0.47 

Salt  Lake  City 

0.187 

0.35 

Red  River 

0.183 

0.35 

Pacific  Northwest 

0.129 

0.25 

Black  Hills 

0.102 

0.21 

Crest  Lakes 

0.090 

0.19 

Tennessee  Valley 

0.156 

0.30 

Gulf  Coast 

0.170 

0.32 

Atlantic  Northeast 

0.081 

0.17 

Alaska 

- 

- 

Hawaii 

0.234 

0.44 

Puerto  Rico 

0.238 

0.44 

B.  Electric  Power  Production 

Capacity 

Site  250-acre  pond,  MW  26400-acre  pond,  MW 


Southwest 

3.1 

332 

Salt  Lake 

2.3 

247 

Red  River 

2.0 

207 

Pacific  Northwest 

1.4 

153 

Black  Hills 

1.0 

108 

Crest  Lakes 

0.85 

90 

Tennessee  Valley 

1.6 

172 

Gulf  Coast 

1.8 

192 

Atlantic  Northeast 

0.69 

73 

Alaska 

- 

- 

Hawaii 

2.7 

290 

Puerto  Rico 

2.8 

291 

•See  section  3.2.3  and 

3.2.4  for 

a detailed  discusssion. 
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6.2.2 


Recurrent  Costs 


This  cost  cstegory  includes  labor , consumables,  maintenance,  and 
other  recurrent  expenses  (Table  6-3).  For  thermal  applications,  each  acre  of 
pond  was  assumed  to  require  a nominal  $10,000  per  year  in  operation  and  main- 
tenance costs. 1 These  costs  are  assumed  to  escalate  at  a 9.3%  nominal  rate 
per  year,  which  is  a 22  real  rate,  as  shown  in  Table  6-3.  Thermal  applications 
also  required  minor  purchases  of  electric  power  to  operate  pumps  and  control 
equipment;  these  fuel  costs  and  cost  escalation  rates  varied  by  region  [Data 
Resources,  Inc.,  (DRI)  1981].  The  regional  electricity  price  is  the  Data 
Resources'  price  for  the  DRI  region  in  which  the  selected  solar  pond  site  is 
located,  translated  into  1981  dollars.  The  escalation  rate  is  an  average  of 
1980  through  1990  and  1990  through  2000  rates  from  DRI.  Data  Resources,  Inc. 
electricity  prices  were  multiplied  by  annual  parasitic  power  requirements  (see 
Table  6-2,  Column  2),  4047  (to  convert  from  nr  to  acres),  and  8760  (to  convert 
from  hourly  to  annual  estimates).  The  results  of  these  calculations  are  shown 
in  the  "Fuel  Cost"  column  of  Table  6-3. 

Electric  power  production  costs  depended  upon  the  system  under 
study.  The  recurring  costs  associated  with  electric  power  production  are 
categorized  as  shown  in  Table  6-3.  Again,  these  cost  estimates  are  based  on 
those  made  by  Ormat  for  the  Salton  Sea  feasibility  study  (Ormat  Turbines, 

Ltd.,  1981),  which  in  turn  are  based  on  Ormat' s operating  experiences  with  the 
Yavne  and  Ein  Bokek  ponds. 


6.2.3  Financial  Parameters 

The  system  is  assumed  to  have  a usable  life  of  20  years,  and  is 
depreciated  using  an  accelerated  method  (sum-of-years-digits) . There  is  a 102 
investment  tax  credit.  Tax  rates  vary  by  region,  and  equal  the  sum  of  state 
and  federal  rates,  less  the  product  of  state  and  federal  rates  (i.e.,  TR  * 

Ts  ♦ Tf  - Ts  • Tf,  where  Tf  * 462  and  Ts  varies  by  region). 

The  discount  rate  varies  by  user.  Thermal  applications  are 
discounted  at  a 202  nominal  rate,  which  translates  into  a 12.32  real  rate. 
Because  utilities  can  float  tax-free  bonds  to  obtain  funds,  utilities  are 
assumed  to  have  a different  discount  rate  than  industry.  Investor-owned 
utilities  are  assumed  to  have  the  following  debt/equity  structure: 


Source  of  Funds 

Capitalization 
Rate  (2) 

Rate  of  Return  on 
Funding  Source 
(2,  real) 

Debt 

502 

32 

Preferred  Stock 

152 

3.52 

Common  Stock 

352 

6.52 

^This  lump-sum  assumption  for  annual  0&M  cost  appears  conservative  in  com- 
parison with  experience  from  existing  U.S.  ponds.  However,  specific  O&M  data 
are  not  available.  The  sensitivity  of  thermal  energy  cost  to  uncertainty  in 
O&M  cost  is  discussed  in  Section  6.3.1. 


Table  6-3.  Recurrent  Costs 


A.  Thermal  Applications 

O&M:  For  all 

cases: 

$ 10 , 000/ acre-year* 

Fuel  Cost  Fuel 

Escalation 

Region 

Site 

$/yr  Rate 

(Z  nominal) 

Southwest 

Daggett 

846 

9.1 

Salt  Lake 

Salt  Lake  City 

534 

9.0 

Red  River 

Fort  Worth 

660 

10.2 

Pacific  Northwest 

Pendleton 

450 

9.1 

Black  Hills 

Huron 

408 

8.2 

Great  Lakes 

Madison 

405 

7.8 

Tennessee  Valley 

Memphis 

426 

9.5 

Gulf  Coast 

Jackson 

684 

8.6 

Atlantic  Northeast 

Albany 

473 

7.3 

Alaska 

Fairbanks 

- 

- 

Hawaii 

Honolulu 

792 

9.1 

Puerto  Rico 

San  Juan 

792 

9.1 

B.  Electric  Power 

Production*’ 

Wet  Site 

Dry  Site 

Wet  Site 

Sal  ton  Sea  Bristol  Lake 

Sal  ton  Sea 

250-Acre 

250-Acre 

26400- Ac re 

Cost  Item 

5-MWe  Plant  5-MWe  Plant 

600-MWe  Plant 

Manpower  (103$/vr) 

396 

396 

- 

Consumables  (10^$/y 

r) 

88 

33 

- 

General  Maintenance 

( 103$/yr) 

30 

30 

- 

Total  O&M  (l03$/yr) 

514 

459 

14,120 

8See  footnote  1 of 

this  section. 

bSee  Ormat  Turbine, 

Ltd.,  1981. 

To  determine  overall  return,  this  structure  is  aggregated  in  the  following  manner 

Real  return  “ (1-TR)(X  debt) (return  on  debt) 

♦ (X  preferred) (return  on  preferred) 

+ (Z  conmonHretura  on  common) 

This  translates  into  about  a 3.SZ  real  rate  of  return,  or  an  11Z  nominal  return. 
For  municipal  utilities,  which  were  assumed  to  be  100Z  debt- financed,  the  nominal 
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Table  6-4.  Financial  Parameters 


System  Lifetime 

20  years 

Year  of  Dollar  Estimate 

1981  $ 

Depreciation  Method 

Sum-of-year s-digit 

Construction  Time 

2 years 

Miscellaneous  Expense  Rate 

2.25Z 

Investment  Tax  Credit  Rate 

10Z 

Tax  Rate: 

Southwest 

S1Z 

Salt  Lake  City 

48Z 

Red  River 

48Z 

Pacific  Northwest 

SOZ 

Black  Hills 

46Z 

Great  Lakes 

SOZ 

Tennessee  Valley 

49Z 

Gulf  Coast 

49Z 

Atlantic  Northeast 

51Z 

Alaska 

- 

Hawaii 

49Z 

Puerto  Rico 

44Z 

Discount  Rate:  j 


Investor-Owned  Utilities 

11.  OZ 

(nominal) 

Municipal  Utilities 

11. OZ 

(nominal) 

Thermal  Applications 

20. OZ 

(nominal) 

Capital  Recovery  Factor: 

Electric  Power  Applications 

12. 6Z 

Thermal  Applications 

20. 5Z 

Inflation  Rate 

7.2Z 

0&M  Escalation  Rate 

9.3Z 

(nominal) 

Capital  Escalation  Rate 

CM 

• 

r* 

(nominal) 

rate  of  return  was  also  11%.  O&M  coats  escalated  at  a rate  of  9.3%;  capital 
had  a 7.2%  escalation  rate.  The  inflation  rate  was  assumed  to  average  7.2% 
per  year.  All  costs  ware  translated  into  1981  dollars,  and  the  financial 
parameters  are  sunmarited  in  Table  6-4. 


6.2.4  Regional  Energy  Output 

Thermal  and  electrical  energy  outputs  by  region  are  shown  in 
Table  6-2.  This  table  is  derived  from  results  of  solar  pond  performance 
analyses  as  described  in  Section  3.2.  Specifically,  the  thermal  part  of 
Table  6-2  is  obtained  from  Table  3-3  of  8ection  3.2  using  data  listed  under 
the  "60°C  Heat  Extraction"  column.  The  60°C  extraction  temperature  is 
appropriate  for  building  space  and  domestic  water  heating  as  well  as  other 
thermal  applications.  The  electrical  part  of  Table  6-2  is  obtained  from 
Table  3-4  of  Section  3.2  by  taking  the  greater  output  figure  of  the  two 
columns  listed  therein,  as  recommended  in  Section  3.2.4. 

the  financial  comparison  between  regions  is  based  on  the  same 
acreage  of  pond  as  far  as  energy  output  is  concerned.  As  can  be  seen  from 
Table  6-2,  energy  output  varies  significantly  among  the  regions,  caused 
primarily  by  the  different  insolation  levels.  This  difference  in  regional 
energy  output  will  be  reflected  in  the  cost  of  energy  from  solar  ponds,  as 
will  be  made  clear  in  the  sections  that  follow. 


6.3  COSTS  OF  DELIVERED  ENERGY  FROM  SOLAR  PONDS 

Data  presented  in  Section  6.2  are  used  in  the  model  described  in 
Section  6.1  to  derive  estimates  of  the  cost  of  delivered  energy  from  solar 
ponds.  These  estimates,  and  their  sensitivity  to  system  and  financial 
parameters,  are  discussed  in  this  section.  Thermal  applications  are  examined 
first;  the  remainder  of  the  section  is  devoted  to  electric  power  applications. 


6.3.1  Thermal  Applications 

Figure  6-1  presents  energy  output  costs  for  1985-2000,  by  region, 
and  based  upon  capital  costs  of  $43/m*.  The  twelve  regions  analysed  fall 
into  three  general  groups.  Three  regions  (the  Southwest,  Hawaii,  and  Puerto 
Rico)  had  relatively  low  pond  output  costs.  These  energy  costs  varied  from 
about  $ll/MBtu  up  to  about  $l2/MBtu.  Four  other  regions  (the  Tennessee 
Valley,  Gulf  Coast,  Red  River,  and  Salt  Lake  regions)  had  intermediate  energy 
output  costs.  These  energy  costs  varied  from  about  $l4/MBtu  to  about  $l9/MBtu. 

A final  group  (the  Great  Lakes,  Atlantic  Northeast,  and  Black  Hills  regions) 
had  the  highest  energy  output  costs,  with  the  Pacific  Northwest  falling  almost 
exactly  on  the  middle  between  these  last  two  groups.  These  groupings  of 
output  costs  were  basically  due  to  differences  in  insolation  patterns. 
Variations  in  insolation  changed  the  expected  energy  output  of  a solar  pond. 
However,  within  each  region,  energy  costs  vary  almost  insignificantly  over 
tiioe.  This  is  because  solar  ponds  have  minimal  recurring  costs. 
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Figure  6-2  shows  how  these  costs  ere  effected  if  additionel  construc- 
tion, diking,  lining,  or  other  capital  costs  are  involved.  The  curvea  in 
Figure  6-2  are  based  upon  a capital  cost  of  $87 /a*.  The  groupings  of  regions 
and  their  individual  rankings  remain  the  ease,  and  energy  costs  vary  insigni- 
ficantly over  tine.  However,  energy  output  costs  in  each  region  and  year  are 
significantly  increased.  Whereas  the  lowest  cost  group  had  energy  coata  of 
$U-12/MBtu  with  $43/m2  capital  costs,  these  BBBC  estimates  increase  to 
$19-21/MBtu  with  $87 /m2  capital  costs. 

Because  most  of  the  cost  of  a solar  pond  is  the  initial  capital  cost, 
it  is  important  to  determine  how  aenaitive  pond  energy  costa  are  to  the  initial 
capital  cost.  This  is  done  in  Figure  6-3.  It  is  apparent  that  energy  costs 
are  etrongly  dependent  upon  the  cost  and  quantity  of  capital  inputs  utilised. 
For  example,  in  the  least  expensive  group  of  regions  (the  Southwest,  Hawaii, 
and  Puerto  Rico),  a relatively  inexpensive  system  (which  utilises  no  liner,  and 
takea  advantage  of  exiating  topography  and  brine  depoaits)  would  have  an  energy 
output  cost  of  approximately  $9/MBtu.  However,  if  a liner  mist  be  installed, 
salts  must  be  purchased,  or  extensive  excavation  and  diking  must  be  undertaken, 
energy  costs  could  reach  as  much  as  $20/MBtu. 

In  addition  to  assessing  the  sensitivity  of  pond  output  costs  to  total 
capital  coat,  it  is  also  useful  to  indicate  how  responsive  busbar  energy  cost 
estimates  are  to  changes  in  costs  of  components,  such  as  land  and  salt.  The 
cost  of  land  must  be  considered  when  deciding  whether  to  install  a solar  pond, 
and  where  to  install  it.  The  question  which  then  arises  is  how  significant  is 
the  cost  of  land.  The  cost  range  given  in  Table  6-1  is  from  free  land  (i.e., 
no  opportunity  cost)  to  land  costing  $2S,000  per  acre.  At  $25,000  per  acre, 
land  costs  contribute  $6.l8/m2  to  the  total  solar  pond  thermal  system  cost. 
Cases  1 through  3 (capital  costs  of  $87,  $60,  and  $43  per  m2),  presented  in 
Figure  6-3,  assume  land  costs  of  $5, 000/acre,  or  $1.24/m2.  The  effects  of 
adding  another  $5/m2  to  capital  cost  can  be  read  from  the  graph  in  Figure 
6-3.  A change  in  the  land  portion  of  capital  expenditures  of  nearly  5 times 
will  increase  the  busbar  energy  costs  approximately  6 to  8Z. 

The  cost  and  availability  of  salt  is  also  an  important  factor.  Salt 
costs  can  vary  from  0 to  $110,000  per  1-acre  pond,  thus  having  a greater  impact 
than  the  cost  of  land.  At  $110,000  per  acre,  salt  coats  $27/m2.  This  is 
exactly  the  difference  in  the  capital  coat  of  the  aolar  ponds  presented  in 
Figure  6-3  and  Table  6-1  as  Case  1 and  Case  2.  Adding  $110,000  for  salt  to  the 
capital  costs  given  in  Case  2 increases  the  capital  costs  by  45Z,  from  $60/m2 
to  $87/m2.  The  corresponding  energy  costs  in  each  region  are  increased  by 
about  36Z. 


The  attractiveness  of  a solar  pond  project  will  be  strongly  influ- 
enced by  the  discount  rate  chosen  for  project  evaluation.  All  industrial 
applications  have  been  analysed  with  a 20Z  discount  rate,  but  the  effect  of 
changing  this  rate  needs  to  be  understood.  The  higher  the  capital  costs,  the 
greater  the  influence  of  a discount  rate  change.  Additionally,  the  changes  are 
not  linear  for  a fixed  capital  cost.  Figure  6-4  illustrates  what  happens  to 
energy  cost  if  all  other  parameters  are  held  constant  while  the  discount  rate 
varies  from  8 to  32Z.  Numerical  examples  of  the  sensitivity  and  nonlinearity 
are  shown  in  Figure  6-4  and  Table  6-5. 
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Figure  6-4.  Sensitivity  of  Soler  Pond  Energy  Coete  to  Discount  Rete 
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Table  6-5.  Sensitivity  of  Solar  Pond  Energy  Coats  to  Changes 
in  the  Discount  Rate  (Thermal  Application) 


Rate  Changes, 
from  to 

Percent  Change 
in  Rate 

Percent  Change  in  Energy 
Cost  at  Capital  Cost, 
$43/m2  $87 /m2 

8 

16 

100 

33 

52 

10 

20 

100 

45 

66 

16 

32 

100 

81 

102 

20 

30 

50 

45 

54 

All  of  the  analysis  for  thermal  applications  thus  far  have  been  for 
industrial  or  comercial  ownership.  This  necessitates  using  the  discount  rate 
with  which  industries  would  evaluate  alternative  projects  and  uses  of  funds. 
However,  it  is  possible  that  not  all  thermal  solar  ponds  would  be  installed  by 
industrial  users.  A municipality  may  install  one  to  generate  heat  for  its  own 
use  or  for  resale  through  a municipal  utility.  A municipality  would  then  be 
able  to  generate  funds  at  a lower  discount  rate  than  private  enterprise  since 
it  would  be  exempt  from  state  and  federal  taxes.  The  assumptions  which  differ 
for  municipal  applications  are  give*'  in  Table  6-6. 

Figure  6-5  gives  the  energy  costs  associated  with  a municipal 
thermal  solar  pond  which  becomes  operational  in  1990.  The  costs  are  based  on 
the  four  capital  cost  cases  outlined  in  Table  6-1  and  can  be  compared  with  the 
industrial  thermal  application  results  given  in  Figure  6-3.  Lowering  the  dis- 
count rate  and  dropping  taxes  made  a substantial  difference,  with  the  cost 
range  now  going  from  $6.04/MBtu  for  a $30. 50/m2  capital  cost  in  the  Southwest 
to  an  energy  cost  of  $32.90/MBtu  for  an  $87/m2  capital  cost  installation  in 
the  Atlantic  Northeast  Region,  as  opposed  to  a prior  corresponding  range  of 
$8.81/MBtu  to  $61.75/MBtu. 

Table  6-6.  Financial  Assumptions  for  Municipal  Thermal  Ponds8 


Discount  Rate 

HZ 

State  and  Federal  Taxes 

None 

Misc.  Payments 

22 

Investment  Tax  Credit 

None 

Depreciation 

None 

Discount  Rate 

112 

aAll  other  assumptions  remain  the  same  as  Thermal  Applications  parameters 
indicated  in  Table  6-4. 
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Available  data  for  annual  O&M  costa  are  insufficient  to  provide 
details  in  support  of  the  assuaied  lump-sum  $10,000/acre-yr , although  this 
figure  is  conservative  coapared  with  inforaation  gathered  from  the  existing 
U.8.  ponds.  A sensitivity  study  was  conducted  to  deteraine  the  contribution 
of  annual  O&M  costs  to  the  theraal  energy  cost.  It  was  found  that  with  an  11% 
discount  rate  and  no  taxes  (the  aunicipal  case),  every  addition  of  $5,000  to 
the  annual  O&M  costs  adds  $1.67  to  the  BBEC,  and  with  a 20X  discount  rate  and 
taxes  (the  industrial  case),  every  addition  of  $5,000  to  the  annual  O&M  costs 
adds  $1.38  to  the  BBEC.  Thus,  while  the  effect  of  O&M  costs  on  the  theraal 
energy  cost  is  not  insignificant,  it  is  not  nearly  as  doninant  as  capital  cost. 


6.3.2  Electric  Power  Applications 

Electric  power  costs  for  the  two  5-MW  cases  (wet  site  and  dry  site) 
are  indicated  in  Figure  6-6.  For  the  wet  site,  capital  costs  were  assumed  to 
vary  from  $22  to  26  million.  Capital  costs  varied  from  $17  to  26  million  for 
the  dry  site.  Once  again,  three  regions  (the  Southwest,  Hawaii,  and  Puerto 
Rico)  had  relatively  low  energy  output  costs.  However,  the  difference  between 
this  grouping  of  costs  and  the  next  group  (Tennessee  Valley,  Gulf  Coast,  Red 
River,  and  Salt  Lake  regions)  is  not  as  pronounced  as  for  the  thermal 
applications.  Even  so,  the  energy  output  costs  for  5-MW  electric  power  plants 
are  relatively  high:  energy  output  costs  vary  from  around  200  mills/kWh  to 

nearly  450  mills/kWh  for  these  seven  regions. 

Cost  estimates  for  the  600-MW  electric  power  plant  are  shown  in 
Figure  6-7.  This  figure  shorn  estimates  for  the  time  period  1985  through 
2000.  Energy  costs  do  not  change  significantly  over  this  time  period,  because 
most  of  the  cost  of  a solar  pond  is  the  initial  capital  investment.  However, 
the  energy  cost  varies  significantly  among  regions,  due  to  differences  in 
regional  energy  output.  For  the  three  least  costly  regions  (the  Southwest, 
Hawaii,  and  Puerto  Rico),  energy  costs  varied  from  about  80  to  90  mills/kWh. 

However,  these  cost  estimates  are  significantly  dependent  upon  the 
assumptions  made.  Figure  6-8  shows  how  sensitive  energy  output  costs  are  to 
capital  costs  in  the  Southwest  region  for  1990.  As  capital  costs  increase 
from  $2,000  to  $4,000  per  kilowatt  installed,  energy  costs  increase  from  90  to 
170  mills/kWh.  That  is,  a 100Z  increase  in  capital  costs  translates  into 
nearly  a 90%  increase  in  energy  costs. 

Energy  cost  is  also  strongly  dependent  upon  discount  rates  used. 

This  is  shown  in  Figure  6-9  for  the  Southwest  region  in  1990.  For  electric 
power  production,  an  11Z  nominal  rate  was  utilised,  giving  an  energy  output 
cost  of  approximately  80  mills/kWh.  However,  if  industrial  discount  rates 
(which  are  closer  to  20X  in  nominal  terms)  were  utilised,  this  same  solar  pond 
system  would  have  to  return  about  150  mills/kWh  for  the  pond  system  to  be 
profitable.  In  this  case,  the  higher  the  discount  rate,  the  greater  the  impact 
of  a percentage  increase  in  the  rate.  For  example,  a 50%  change  from  8 to  12Z 
has  Less  impact  on  costs  than  a 50X  increase  from  12  to  18Z  would  have. 

Another  factor  that  was  examined  was  the  sensitivity  of  output 
costs  to  the  years  of  construction  time.  This  relationship  is  illustrated 
in  Figure  6-10.  This  relationship  is  shown  for  the  Southwest  region  in  1990. 

As  indicated  in  Figure  6-10,  construction  time  has  a relatively  small  impact 
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on  energy  output  cost*.  The  difference  it  due  to  verietiont  in  relative 
etcalation  and  inflation  rates.  Thus,  the  capital  coat  and  discount  rate 
are  the  moat  important  factors  in  the  final  solar  pond  energy  output  costs 


6.4  CONVENTIONAL  ENERGY  COSTS 

The  energy  output  costs  calculated  in  Section  6.3  provide  little 
indication  as  to  whether  or  not  solar  ponds  would  be  utilised  in  the  various 
regions.  In  order  to  determine  whether  or  not  ponds  would  be  utilised,  they 
must  be  compared  with  the  alternatives  that  are  available.  One  of  the  ways 
that  alternatives  may  be  compared  is  through  relative  costs.  Thus,  this 
section  indicates  the  costs  of  alternative,  conventional  energy  systems. 
Although  this  does  not  by  itself  indicate  whether  or  not  solar  ponds  are 
adopted  — other  factors,  such  as  reliability,  simplicity,  and  environmental 
and  institutional  concerns  will  also  be  important  in  the  decision  — relative 
costs  can  provide  an  initial  indication  of  the  desirability  of  using  solar 
ponds. 


Table  6-7  gives  the  average  commercial  natural  gas  prices, 
obtained  from  Data  Resources,  Inc.  The  price  given  is  the  Data  Resources' 
price  for  the  region  in  which  the  solar  pond  representative  city  is  located, 
translated  into  1981  dollars.  This  price  can  be  compared  with  the  solar  pond 
thermal  application  cost  estimates,  with  two  provisions.  First,  the  effect  of 
deregulation  is  a major  uncertainty  in  natural  gas  price  estimates;  thus,  these 
prices  may  be  low.  Second,  industrial  process  heat  frequently  can  be  provided 
by  the  lowest  grade  fuel  available,  in  which  case  the  price  of  natural  gas  is 
an  unrealistically  high  comparison. 

On  the  basis  of  these  costs,  natural  gas  is  cheaper  to  utilise  than 
ponds  in  all  regions  for  industrial  applications.  If  municipal  thermal  appli- 
cations are  considered,  the  answer  is  somewhat  different.  When  1990  natural 
gas  prices  are  compared  with  Figure  6-5,  approximately  half  of  the  pond  capital 
costs  for  the  least  cost  regions  (Hawaii,  Southwest,  Puerto  Rico)  appear 
viable.  The  two  lower  cost  cases  (3  and  4)  also  appear  cost-effective  in  the 
next  group  of  regions  (Tennessee  Valley,  Gulf  Coast,  Red  River,  Salt  Lake). 
However,  it  must  be  emphasised  that  this  viability  depends  upon  the  tax-exempt 
status  and  low  discount  rate  requirements  of  municipalities. 

Tables  6-8  through  6-11  give  a basis  for  comparison  of  electrical 
generation  costs  with  new  coal-  and  oil-powered  plants.  These  costs  were 
generated  as  part  of  a cost  comparison  analysis  for  solar  thermal  parabolic 
dish  applications  (Habib-agahi  and  Smith,  1981).  Again,  the  regional 
comparisons  are  made  by  comparing  the  study  region  in  which  the  solar  pond 
representative  city  is  located  with  the  solar  pond  region. 

For  electric  power  applications,  the  new  8-MW  municipal  oil-powered 
plant  was  more  expensive  in  the  Southwest  and  Hawaii  than  the  5-MW  solar  pond 
under  any  capital  cost  and  operation  and  maintenance  scenario  examined.  The 
5-MW  solar  pond  would  also  be  competitive  with  the  8-MW  oil-fired  plant  in  the 
Salt  Lake  Region  and  the  Red  River  Region  if  the  pond  capital  costs  and  O&M 
costs  can  be  kept  at  the  lower  bounds  analysed  (i.e.,  the  lower  capital  costs 
for  the  dry  site,  Bristol  Lake).  The  dry  site,  lower  bound  cost  scenario 
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Table  6-7.  Average  Commercial  Natural  Gaa  Prices*  ($/MBtu,  1981$)b 


Solar  Pond  Region 

DRI  Region 

1985 

1990 

1995 

2000 

Southwest 

Pacific 

5.84 

8.17 

9.47 

9.48 

8alt  Lake 

Mountain-2 

4.69 

8.04 

9.28 

9.25 

Red  River 

West  South  Central 

5.08 

7.60 

8.88 

8.93 

Northwest 

Pacific 

5.84 

8.17 

9.47 

9.48 

Black  Hills 

Heat  North  Central 

4.69 

8.09 

9.46 

9.46 

Great  Lakes 

East  North  Central 

5.10 

8.26 

9.58 

9.58 

Tennessee  Valley 

East  South  Central-1 

4.61 

8.40 

9.65 

9.62 

Gulf  Coast 

South  Atlantic 

5.43 

8.85 

10.16 

10.12 

Atlantic  Northeast 

Middle  Atlantic 

6.11 

9.33 

10.67 

10.60 

Alaska 

Pacific 

5.84 

8.17 

9.47 

9.48 

Hawaii 

Pacific 

5.84 

8.17 

9.47 

9.48 

Puerto  Rico 

None 

*Source:  Data  Resources,  Inc.,  1981. 

bThe  DRI  prices  in  c/therm  are  converted  to  1981  $/MBtu. 
DRI  region  in  which  the  representative  city  lies. 

Prices 

are  for 

the 

would  also  place  a solar  pond  close  to  competitive  (4Z  difference)  with  an 
8-MU  oil  plant  in  the  Gulf  Coast  Region,  and  in  the  Tennessee  Valley  Region 
(11Z  difference).  The  5-MJ  solar  pond  does  not  appear  to  be  cost-competitive 
with  any  size  coal  power  plant. 

A 600-MU  solar  pond  installed  in  the  Southwest  Region,  the  Red 
River  Region,  or  Hawaii  will  be  competitive  with  any  of  the  three  sizes  of  coal 
power  plants  installed  in  those  regions.  Solar  ponds  installed  in  the  Black 
Hills,  Great  Lakes,  Atlantic  Northeast  and  Alaska  do  not  appear  to  be  cost- 
competitive  with  any  coal  power  plants  examined.  All  other  regions  have  some 
conditions  under  which  they  seem  to  be  competitive.  In  the  Salt  Lake  Region, 
pond  costs  compare  favorably  with  a 280-MU  coal  power  plant  over  the  entire 
time  period,  but  with  a 500-MU  and  1000-MU  coal  power  plant  only  for  1995  and 
2000.  In  the  Pacific  Northwest,  a large  solar  pond  looks  cost-competitive 
with  a 280-MU  coal  power  plant  by  1995,  but  not  until  2000  for  the  two  larger 
coal  plants.  A large  solar  pond  in  the  Gulf  Coast  Region  would  be  cost  com- 
petitive with  a 280-MU  and  500-MU  coal  plant  from  1990  on,  but  not  until  1995 


Tabic  6-8.  Levs  Used  Busbar  Energy  Coats:  Mew  Municipal  Coal  Power 

Plants*  (1000  MW,  1981$  mille/kWh) 


Corresponding 


Solar  Pond  Ragion 

Study  Region 

1985 

1990 

1995 

2000 

Southwest 

Pacific 

89 

108 

130 

156 

Salt  Lake 

Mountain-2 

74 

89 

107 

129 

Red  River 

Hast  South  Central-2 

97 

118 

144 

176 

Pacific  Northwest 

Pacific 

89 

108 

130 

156 

Black  Hills 

Hast  North  Central 

67 

76 

87 

98 

Great  Lakes 

East  North  Central 

98 

112 

128 

145 

Tennessee  Valley 

East  South  Central-1 

86 

97 

110 

124 

Gulf  Coast 

South  Atlantic 

101 

116 

133 

154 

Atlantic  Northeast 

Middle  Atlantic 

92 

105 

120 

137 

Alaska 

Pacific 

89 

108 

130 

156 

Hawaii 

Pacific 

89 

108 

130 

156 

Puerto  Rico 

None 

*8ource:  Habib-agahi , H.f  and  Smith,  J.  H. , January  1981. 


for  the  1000 -MW  coal  plant,  as  the  economies  of  scale  bring  down  cost  of  the 
coal  plants.  Finally , a 600-MW  solar  pond  in  the  Tennessee  Valley  region  is 
berely  competitive , only  appearing  competitive  in  the  year  2000  with  a 280-MW 
coal  plant. 

The  data  sources  used  contained  no  alternative  energy  coots  for 
Puerto  Rico.  If  we  assume,  however,  that  costs  in  Puerto  Rico  would  be  com- 
parable to  costs  in  Hawaii,  then  solar  ponds  would  have  very  favorable  cost 
comparisons.  Land  availability  could  be  s problem  with  Puerto  Rico,  but  if  a 
pond  could  be  constructed  along  the  see  coast,  it  may  be  feasible.  The 
government  of  Puerto  Rico  has  great  flexibility  in  the  tax  status  it  grants 
industries  considered  to  be  desirable  or  healthy  for  the  Puerto  Rican  economy. 
The  pond  costs  could  be  brought  down  further  by  different  tax  treatments. 


6.5  COMPARISON  OF  SOLAR  POND  AMD  CONVENTIONAL  ENERGY  COSTS 

When  the  solar  pond  energy  costs  that  have  been  developed  in 
Section  6.3  are  compared  with  the  coots  of  the  conventional  energy  described 
in  Section  6.4,  the  following  key  points  may  be  made: 
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Table  6-9.  Leva li sad  Buebar  Energy  Coats : Haw  Municipal  Coal  Power  Plante* 

(500  MW,  19819  mills/kWh) 


Solar  Pond  Region 

Corresponding 
Study  Region 

1985 

1990 

1995 

2000 

Southwest 

Pacific 

95 

111 

133 

161 

Salt  Lake 

Mountain-2 

76 

91 

110 

133 

Red  River 

West  South  Central-2 

99 

120 

146 

179 

Pacific  Northwest 

Pacific 

92 

111 

133 

161 

Black  Hills 

West  North  Central 

70 

79 

90 

102 

Great  Lakes 

East  North  Central 

100 

115 

130 

150 

Tennessee  Valley 

East  South  Central-1 

88 

100 

112 

128 

Gulf  Coast 

South  Atlantic 

102 

118 

137 

157 

Atlantic  Northeast 

Middle  Atlantic 

95 

108 

122 

140 

Alaska 

Pacific 

92 

111 

133 

161 

Hawaii 

Pacific 

92 

111 

133 

161 

Puerto  Rico 

None 

^Source : Habib-agahi , 

H.,  and  Smith,  J.  H. , 1981 

# 

Whan  thermal  industrial  applications  are  examined,  and 
solar  ponds  are  compared  with  natural  gas,  no  solar  ponds 
are  viable  in  any  region  in  the  1980-2000  time  period 
within  the  construction  cost  range  considered.  Except  for 
thermal  municipal  applications,  a cubset  of  pond  capital 
coats  and  regions  appear  to  be  viable  after  1990. 

When  the  250-acre  electric  power  production  solar  pond  is 
compared  with  a small  (8 -MW)  new  oil-fired  facility: 

(a)  Solar  ponds  in  the  Southwest,  Hawaii,  and  Puerto  Rico 
regions  are  viable  within  the  capital  cost  range 
considered. 


If  capital  costs  are  held  in  the  lower  half  (less  than 
$50/m2)  of  the  capital  cost  range,  ponds  are  also 
competitive  in  the  Salt  Lake  and  Red  River  regions, 
and  are  close  to  oil-powered  costs  for  the  Gulf  Coast 
and  Tennessee  Valley  regions. 


w 


labli  6*10.  UvcliMd  Busbar  Energy  Costs : Mew  Hunleipsl  Coal  Power  Plant* 

(280  MW,  19818  nills/kVh) 


Solar  Pond  Region 

Corresponding 
Study  Region 

1983 

1990 

1995 

2000 

Southwest 

Pacific 

113 

137 

165 

198 

Salt  Lake 

Mountain- 2 

98 

117 

141 

170 

Red  River 

Hast  South  Central-2 

116 

141 

172 

209 

Pacific  northwest 

Pacific 

113 

137 

165 

198 

Black  Hills 

West  Worth  Central 

86 

97 

110 

126 

Great  Lakes 

Bast  north  Central 

106 

121 

139 

159 

Tennessee  Valley 

East  South  Central-1 

95 

108 

122 

139 

Gulf  Coast 

South  Atlantic 

112 

130 

150 

173 

Atlantic  northeast 

Middle  Atlantic 

106 

120 

138 

157 

Alaska 

Pacific 

113 

137 

165 

198 

Hawaii 

Pacific 

113 

137 

165 

198 

Puerto  Rico 

Mone 

*8ource:  Habib-agahi , H.,  and  Snith,  J.  H.,  1981. 

(3)  Whoa  a 250-acre  pond  for  alactrie  power  production  is 

compared  with  any  type  of  electric  power  production  froa 
coal,  the  solar  pond  is  not  coapetitive. 


(4)  When  a 26,400-acre  pond  is  eoapared  with  coal: 

(a)  Solar  ponds  sre  coapetitive  with  s wide  variety  of 
coal  plants  in  tha  Southwest,  Red  River,  and  Hawaii 
regions  for  the  range  of  pond  capital  costs  considered. 

(b)  Solar  ponds  are  not  coapetitive  in  the  Black  Hills, 
Great  Lakes,  Atlantic  Hortheest,  and  Alaska. 

(c)  In  all  other  regions,  solar  ponds  can  be  coapetitive 
under  specific  tiae  horisons,  capital  cost 
assuaptione,  and  sssuaptions  about  the  available 
alternatives. 


Table  6-11.  Level iced  Busbar  Energy  Coses  — New  Municipal  Oil  Power  Plane11 
(8  MW,  19818  mills/kWh) 


8olar  Pond  Region 

Corresponding 
8tudy  Region 

1985 

1990 

1995 

2000 

8outhwest  Region 

Pacific 

265 

323 

391 

476 

Salt  Lake  Region 

Mountain-2 

207 

252 

307 

375 

Red  River  Region 

West  South  Central-2 

204 

247 

299 

363 

Pacific  Northwest  Region 

Pacific 

265 

323 

391 

476 

Black  Hills  Region 

West  North  Central 

174 

205 

239 

281 

Croat  Lakes  Region 

East  North  Central 

265 

323 

391 

476 

Tennessee  Valley  Region 

Bast  South  Central-1 

219 

266 

325 

396 

Gulf  Coast  Region 

8outh  Atlantic 

219 

266 

325 

396 

Atlantic  Northeast  Region 

Middle  Atlantic 

227 

275 

334 

405 

Alaska 

Pacific 

265 

323 

391 

476 

Hawaii 

Pacific 

265 

323 

391 

476 

Puerto  Rico 

None 

^Source:  Habib-agahi,  H., 

and  Smith,  J.  H.,  1981. 

(5)  The  estimated  energy  costs  from  solar  ponds  are  not  very 
dependent  upon  year  of  installation,  or  assumptions  about 
the  length  of  the  construction  period. 

(6)  Energy  costs  are  strongly  dependent  upon  insolation  levels, 
the  discount  rate,  and  initial  capital  cost. 

It  is  important  to  determine  which  factors  were  most  important  to 
these  results,  and  which  characteristics  have  minimal  impact  upon  solar  pond 
energy  costs.  The  key  factors  in  the  results  presented  in  Section  6.3  were 
the  following: 

(1)  Insolation  levels.  This  is  the  most  important  factor  in 
relative  regional  costs!  tax  rate  differentials  (the  only 
other  difference  in  regional  solar  pond  costs)  were  neglig- 
ible. 6s  shown  in  Table  6-2,  the  energy  output  that  might 
be  expected  in  thermal  and  electric  power  production  appli- 
cations varied  dramatically.  For  example,  two  identical 
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26,400-acre  poods  would  have  different  electric  power  pro- 
duction capacities,  depending  upon  whether  they  were  in 
Madison  (the  Great  Lakes  region),  with  a capacity  of  90  MW, 
or  if  the  pond  was  located  in  Daggett,  California  Southwest 
region),  with  a capacity  of  332  MU.  This  large  difference 
in  energy  output  capacity  will  have  significant  impacts 
upon  energy  cost  over  the  assumed  20-year  lifetime  of  the 
pond. 

(2)  Discount  rate.  Because  the  discount  rate  minimises  the 
value  of  revenues  and  energy  savings  which  occur  far  into 
the  future,  higher  discount  rates  will  tend  to  make  invest- 
ments with  high  initial  capital  costs  (such  as  solar  ponds) 
but  continuous  energy  savings  look  less  attractive  than 
investments  which  are  evaluated  at  lower  discount  rates. 
Part  of  the  reason  that  no  industrial  thermal  application 
appears  feasible  is  that  industrial  thermal  applications 
were  evaluated  with  a 20Z  nominal  discount  rate,  while 
utility  applications  were  evaluated  with  an  11Z  nominal 
rate.  The  difference  in  discount  rates  is  due  to  the  fact 
that  utilities  may  float  tax-free  bonds,  and  therefore  can 
obtain  funds  at  a lower  rate.  This  lower  discount  rate  for 
electric  power  applications  will  tend  to  make  more  regions, 
time  periods,  and  capital  costs  of  solar  ponds  viable. 

How-  ever,  this  difference  in  discount  rates  is  used  in 
other  sources  as  well;  it  is  consistent  with  the  rates  used 
by  Data  Resources,  Inc.  and  the  Solar  Thermal  Program  at 
the  Jet  Propulsion  Laboratory. 

(3)  Capital  costs.  Because  the  majority  of  costs  associated 
with  60lar  ponds  must  be  incurred  before  the  pond  is  opera- 
tional, these  capital  costs  contribute  significantly  to  the 
energy  output  costs  of  ponds.  When  a pond  is  an  expensive 
prototype  rather  than  a commercial  design,  when  extensive 
construction  and  diking  must  be  undertaken,  or  when  salts 
must  be  purchased  rather  than  utilized  from  existing 
brines,  these  factors  will  have  a significant  impact  upon 
capital  costs , and  therefore  upon  busbar  energy  costs. 

This  section  has  compared  the  relative  costs  of  energy  from  solar 
ponds  with  the  costs  of  energy  from  alternatives  in  two  applications  (thermal 
and  electric)  for  12  regions.  Depending  on  the  alternative  energy  sources 
that  are  available,  solar  ponds  are  competitive  in  a variety  of  electric  power 
production  and  certain  thermal  applications.  This  assessment  of  relative 
energy  costs  has  not  considered  other  potential  advantages  of  solar  ponds. 

For  example,  some  industries  may  be  able  to  develop  solar  ponds  from  existing 
brine  evaporation  ponds  or  waste  water  ponds.  In  these  cases,  the  initial 
costs  o t developing  the  pond  will  be  minimal,  and  the  pond  may  control  either 
salinity  or  toxic  waste  while  producing  energy.  Such  dual-use  ponds  would  be 
useful  on  both  environmental  and  financial  grounds. 
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SECTION  7 

ASSESSMENTS  OF  SOLAR  FOND  APPLICABILITY  AND 
POTENTIAL  IN  THE  UNITED  STATES 


7.1  REGIONAL  APPLICABILITY 

The  applicability  of  solar  ponds  to  the  various  regions  and  market 
sectors  is  determined  by: 

(1)  Need  for  loir-temperature  thermal  energy  (less  than  200°F) 
or  electric  power. 

(2)  Availability  of  the  necessary  resources. 

(3)  Suitability  of  the  pertinent  physical  conditions. 

(4)  Economic  viability  (at  least  long-term)  of  pond  energy. 

(5)  Satisfaction  of  other  constraints  (e.g.,  environmental  and 
institutional). 

These  criteria  are  obvious,  as  ponds  will  not  be  built  if  energy 
needs  do  not  exist,  resources  are  not  available,  climatic  or  hydrogeologic 
conditions  are  not  suitable,  or  long-term  economic  viability  is  not 
achievable.  (In  this  context,  long-term  means  by  the  year  2000,  and  near-term 
means  within  the  next  3 years.) 

The  essential  natural  resources  were  evaluated  and  pertinent 
physical  conditions  examined  in  Section  2.  The  regional  need  for 
low-temperature  thermal  energy  (less  than  200°F)  or  electric  power  was 
surveyed  by  market  sectors  in  Section  3.  The  economics  of  pond  energy  was 
assessed  on  the  basis  of  current  and  projected  financial  conditions  in  Section  6. 
Other  constraints,  such  as  environmental,  institutional,  social,  political, 
and  psychological,  are  mostly  site-specific,  and  hence,  are  not  considered  in 
this  regional  assessment.  This  section  utilizes  the  results  of  these  surveys 
and  analyses  to  determine  the  regional  applicability  of  solar  ponds  by  market 
sectors. 


As  emphasized  throughout  this  report,  applicability  within  a region 
is  a gross  assessment.  It  should  not  be  interpreted  to  mean  that  a pond  can 
be  built  on  every  site  within  the  region.  Nor  should  it  be  interpreted  to  mean 
that  no  ponds  will  be  built  in  regions  indicated  as  not  applicable.  The  gross 
assessment  is  the  result  of  a series  of  screening  processes,  tc  be  refined  by 
more  detailed  investigation  for  district-specific  or  site-specific  purposes. 


7.2  ENERGY  SUPPLY  POTENTIAL 

Energy  supply  potential  of  solar  ponds  by  the  year  2000  is  esti- 
mated by  region  and  by  market  sector  in  the  following  sections.  Understandably, 
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"future  potential"  can  be  defined,  estimated,  and  interpreted  in  various 
ways.  Factors  considered  here  include  the  market  needs  for  thermal  or 
electric  energy,  the  availability  of  resources,  the  predicted  regional 
performance  of  solar  ponds,  the  long-term  economic  viability  of  pond  energy, 
and  future  market  expansion. 

However,  uncertainty  about  these  factors  exists  and  estimates  vary 
widely.  For  example,  past  or  current  data  on  market  energy  demand  contain 
uncertainties  of  their  own,  and  assumptions  such  as  excluding  solar  pond 
preheating  use  in  the  IPH  sector  may  only  be  partially  valid.  Although  the 
survey  extensively  examined  pond  resources,  some  have  been  omitted  and,  hence, 
the  survey  may  be  incomplete.  The  pond  performance  predictions  were  based  on 
a set  of  assumptions,  some  of  which  may  require  further  refinement.  The 
postulated  financial  conditions  on  which  the  economic  analyses  were  based, 
although  closely  scrutinized  -nd  believed  to  be  realistic,  may  undergo 
dramatic  change  in  times  to  come.  Future  expansion  of  each  individual  market 
may  not  follow  the  past  trend  or  the  assumptions  made  here.  Finally,  the 
extent  to  which  solar  ponds  can  penetrate  the  market  depends  on  a host  of 
critical  issues,  and  their  future  status  is  not  amenable  to  accurate 
forecast.  Such  uncertainties  are  bound  to  affect  any  estimates  of  future 
potential.  Therefore,  care  in  interpreting  these  estimates  is  strongly  urged. 


7.2.1  Expansion  Factor 

In  the  absence  of  better  information,  the  increasing  trend  of 
total  national  energy  consumption  will  be  utilized  to  estimate  expansion 
factors  for  energy  needs  in  the  IPH  and  buildings  sectors.  Several 
projections  exist  for  the  total  U.S.  energy  consumption  for  the  year  2000,  as 
shown  in  Table  7-1.  Such  projections  differ  in  accordance  with  the  methods 
used.  Figure  7-1  shows  another  set  of  three  projections  resulting  from  the 
Ford  Foundation  Energy  Policy  Project,  along  with  explanations  of  the  methods 
used:  historical  growth,  technical  fix  and  "zero  growth."  The  technical-fix 

result  was  used  in  this  report  for  two  reasons.  First  the  chief  assumption, 
that  a conscious  national  effort  in  energy  conservation  will  occur,  appears 
realistic.  Second,  the  technical-fix  result  agrees  closely  with  most  of  the 
projections  listed  in  Table  7-1.  Thus,  the  total  national  energy  consumption 
in  the  year  2000  is  hypothesized  to  be  124  quads. 

The  IPH  market  survey  (Section  5.2)  utilized  a 1976  data  base,  and 
the  total  national  energy  consumption  in  1976  was  74.5  quads.  Because  the 
industrial  energy  growth  follows  approximately  the  national  energy  growth 
(Dorf,  1981),  an  expansion  factor  of  124/74.5  = 1.66  will  be  applied  to  the 
1976  IPH  energy  requirement  data. 

The  APH  market  survey  (Section  5.3)  utilized  a 1974  data  base. 
However,  agricultural  activities  in  the  U.S.  appear  to  have  been  declining. 

For  example,  total  U.S.  farm  land  decreased  from  1,202  x 10^  acres  in  1950 
to  1,072  x 106  acres  in  1977;  total  U.S.  farm  population  decreased  from  30.5 
million  in  1940  to  7.8  million  in  1977;  and  total  U.S.  annual  farm  energy 
expenditure  decreased  from  $1.86  billion  in  1965  to  $1.74  billion  in  1973, 
both  in  constant  1958  dollars,  (Dorf,  1981).  Assuming  that  a continued 
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Table  7-1.  Projections  for  the  Year  2000  for  the  Total 
Energy  Consumption  in  the  United  States8 


Investigator  Consumption 

(1015  Btu) 


1.  National  Energy  Plan  (1977)a  125 

2.  Electric  Power  Research  Institute  (1979)')  130 

3.  Earl  T.  Hayes  (1979)c  95 

4.  von  Hippel/Lovins  (1977)^  89-95 

5.  U.S.  Dept,  of  Energy  (1979)e  125 


aSource:  U.S.  Department  of  Energy. 

^Sources  EPRI  Journal,  May  1979. 

cSource:  E.T.  Hayes,  Science,  January  19,  1979,  pg.  234. 

^Source:  Power  Engineering,  May  1979,  pg.  25. 

eSource:  U.S.  Department  of  Energy,  Energy  Information  Administration, 

April  1979. 


decline  does  not  occur,  at  least  not  to  a significant  extent,  an  expansion 
factor  of  1.0  (i.e.,  no  expansion)  will  be  applied  to  the  1974  APH  energy 
requirement  data  as  presented  in  Section  5.3. 

The  breakdown  by  state  of  energy  consumption  in  the  residential, 
commercial  and  institutional  buildings  sector  was  presented  in  Table  5-4. 
These  data  show  that  the  total  national  energy  consumption  for  1979  was  79 
quads.  Because  the  annual  growth  rate  for  household  and  commercial  energy 
consumption  has  been  reduced  to  2Z  since  1973  from  the  previous  7Z  (Section 
5.1),  an  expansion  factor  of  (1.02)20  = 1.49  will  be  applied  to  the  1979 
data  base  to  project  the  year-2000  consumption  in  the  buildings  sector. 


7.2.2  Market  Penetration 

How  many  solar  ponds  will  actually  be  built  by  the  year  2000? 

This  question  depends  on  many  critical  issues,  including  emphasis  of  the 
Federal  Government,  federal  and  local  political  climate,  local  institutional 
and  environmental  regulations,  the  state  of  the  economy,  the  financial 
environment,  prices  of  fossil  fuels,  development  of  each  market  sector,  the 
willingness  of  private  sectors  to  participate  in  solar-pond  commercialization, 
etc.  For  example,  the  growing  interest  of  private  sectors  has  been  evident 
recently.  However,  the  initial  market  development  will  be  slow,  unless  the 
Federal  Government  can  provide  the  incentives  needed  by  the  private  sectors, 
or  at  least  strongly  support  several  significant  prototype  pond  projects  that 
clearly  demonstrate  the  viability  and  attractiveness  of  solar  ponds.  Research 
and  Development  efforts  directed  specifically  to  reducing  pond  costs,  in 
addition  to  understanding  pond  phenomena,  will  also  help.  However,  the 
evolution  of  these  critical  issues  during  the  next  2 decades  is  unpredictable. 
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Three  forecast*  of  energy  consumption  in  the  United  States  during  the  period 
197$  to  2000,  resulting  fro*  the  Ford  Foundation  Energy  Policy  Project.  The 
first  forecast  is  based  on  the  assuaption  that  energy  use  in  the  United  States 
will  continue  to  grow  until  the  end  of  the  century  at  about  J.ftX  annually,  the 
average  rate  of  growth  fro*  1950  to  1970.  The  second  forecast,  based  on  the 
assumption  that  a conscious  national  effort  to  use  energy  *ore  efficiently 
through  the  introduction  of  energy-conserving  technology,  is  called  the 
technical  fin  scenario.  The  Ford  Foundation  project  finally  proposes  a tero 
energy  growth  scenario.  While  called  tero  growth,  it  actually  has  decreasing 
growth  rates  eventually  reaching  tero  after  2000.  The  scenario  astiaes  a 
growth  rate  of  1.761  fro*  1975  to  1985  and  0.47X  over  the  period  1985  to 
2000.  (Source:  The  Ford  Foundation,  1976.) 


Figure  7-1.  United  States  National  Energy  Consumption  (1015  Btu/year) 
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Consequently,  it  is  believed  thst  any  assumption  on  market  penetration  will 
not  be  meaningful.  An  alternative  approach  is  therefore  taken  which  leaves 
open  the  question  of  market  penetration.  Readers  will  have  the  opportunity  to 
assign  their  own  fractional  market  penetration  numbers,  if  necessary.  This  is 
reflected  in  the  following  definition  of  pond  potential. 


7.2.3  Definition  of  Solar  Pond  Energy  Supply  Potential 

In  view  of  the  above  discussions,  solar  pond  potential  is  defined 
as  the  energy-producing  capacity  of  solar  ponds  that  can,  but  has  not  yet,  and 
will  not  necessarily,  become  a reality.  This  potential  will  be  estimated  for 
the  year  2000  by  considering  the  availability  of  resources,  the  extent  to 
which  these  resources  can  reasonably  be  exploited,  the  projected  need  for 
thermal  or  electrical  energy  by  the  various  market  sectors,  the  technical 
factors  pertinent  to  design  and  performance  of  solar  ponds,  and  the  long-term 
economic  viability  of  solar  pond  energy.  This  potential  will  be  expressed  in 
the  number  of  quads  of  energy  producible  by  solar  ponds,  or  the  number  of 
acres  of  solar  ponds  that  can  come  into  being,  given  suitable  conditions  over 
the  next  2 decades.  However,  this  potential  will  not  represent,  and  should 
not  be  interpreted  as  representing,  the  amount  of  energy  that  solar  ponds  will 
be  producing  by  the  year  2000. 


7.3  RESIDENTIAL,  COMMERCIAL  AND  INSTITUTIONAL  BUILDINGS  SECTOR 

7.3.1  Applicability 

With  the  exception  of  Alaska,  U.S.  solar  ponds  can  provide  thermal 
energy  at  sufficiently  high  temperature  for  building  space  heating  and 
domestic  water  heating  in  all  regions.  Because  a low  insolation  and  low 
ambient  temperatures  in  Alaska,  solar  ponds  located  there  could  not  produce 
thermal  energy  at  temperatures  higher  than  45°C  unless  they  were  equipped 
with  reflectors  to  enhance  solar  collection.  As  discussed  previously,  space 
cooling  using  solar  ponds  is  feasible  in  principle  but  requires  further 
research  and  development  to  improve  its  performance. 

The  need  for  thermal  energy  in  space  heating/cooling  and  domestic 
water  heating  exists  in  every  state  and  region.  Generally,  building  heating 
loads  decrease  from  north  to  south,  whereas  the  converse  is  true  for  cooling 
loads.  Water  heating  loads  tend  to  be  uniform  throughout  all  regions.  In  the 
north,  deeper  ponds  are  required  to  store  thermal  energy  collected  in  the 
Sumer  for  use  in  space  heating  during  the  winter.  In  the  south,  shallower 
ponds  will  suffice  as  winter  heating  load  is  light  and  summer  cooling  load 
peaks  in  phase  with  insolation. 

From  heat-loss  considerations,  a very  small  pond  serving  an 
average-size  single-family  dwelling  is  not  practical.  A pond  of  one-half  to 
several  acres  serving  a group  of  single-family  houses,  a multi-family  dwelling 
complex,  a sizable  comnercial  or  institutional  building,  or  a district  composed 
of  a large  number  of  various  types  of  buildings  is  more  appropriate.  At  this 
size,  salt  and  water  requirements  are  moderate,  and  imported  salts  are  a viable 
option  for  many  locations.  Therefore,  salts  and  water  availability  should 
generally  not  be  a severely  limiting  factor. 
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The  availability  of  low-cost  land  in  proximity  to  the  end-use 
buildings  will  be  a limiting  factor,  however,  because  in  most  developed  areas 
vacant  land  is  scarce  and  costly.  For  this  reason,  a greater  number  of  ponds 
are  expected  in  currently  undeveloped  areas  for  which  ponds  can  be  readily 
incorporated  during  the  planning  and  design  phases.  The  number  of  ponds 
retrofitted  in  the  developed  areas  is  expected  to  be  relatively  small. 

The  economics  of  solar  ponds  for  thermal  applications  was 
investigated  in  Section  6.  Although  space  and  water  heating  load 
characteristics  for  buildings  differ  from  the  base  case  considered  in  Section 
6 (less  so  for  air  conditioning),  the  results  of  section  6 constitute  a 
meaningful  indication  of  pond  energy  economics  in  the  residential,  commercial 
and  institutional  buildings  sector.  Insolation  level,  pond  capital  cost  and 
discount  rate  are  the  three  most  critical  factors  that  affect  the 
competitiveness  of  ponds.  As  shown  in  Figures  6-5  and  6-7,  the  higher  the 
insolation  level  in  a region,  the  more  favorable  the  economics.  Since  the 
pond  capital  cost  varies  with  site,  and  the  discount  r8te  changes  with  time 
and  financing  arrangements,  only  a broad  overview  of  economic  feasibility  is 
appropriate  for  the  regional  assessment.  If  a discount  rate  of  1 IX  is 
applicable,  then  thermal  energy  from  ponds  for  building  heating/cooling  and 
water  heating  applications  will  be  competitive  with  most  conventional  fuels  in 
the  Southwest,  Puerto  Rico,  and  Hawaii  regions,  and  in  the  retaining  regions 
if  capital  costs  are  sufficiently  low  (Fig.  6-5).  However,  if  a discount  rate 
of  20Z  is  appropriate,  then  ponds  will  be  economically  competitive  in  most 
high  and  moderate  insolation  regions  only  if  very  low  capital  costs  are  also 
attainable. 


The  regions  where  solar  ponds  are  applicable  for  buildings  uses 
are  shown  in  Figure  7-2.  Those  regions  where  current  or  near-term  economic 
feasibility  is  possible  are  also  indicated.  Figure  7-2  represents  only  a 
general  indication  appropriate  for  the  regional  assessment.  Isolated  sites 
possessing  special  conditions  can  always  become  exceptions. 


7.3.2  Potential 

The  potential  of  solar  ponds  to  supply  thermal  energy  for  space 
heating/cooling  and  domestic  water  heating  in  the  residential,  commercial  and 
institutional  (RCI)  buildings  sector  is  not  need  limited,  but  rather  resource 
constrained.  In  particular,  it  is  limited  by  the  availability  of  low-cost 
land,  which  is  required  for  pond  construction.  The  Benham  Group's  land  study 
has  estimated  the  pond-suitable  land  acreage  in  both  the  developed  and 
undeveloped  buildings  sectors.  The  pond  potential  estimation  (described  in 
Section  5.1.4)  has  considered  only  the  undeveloped  land  (as  determined  by  the 
local  zoning  ordinances)  and  has  further  reduced  the  land  availability 
estimates  of  the  Benham  Group.  The  added  conservatism  was  intended  to  account 
for  other  possible  land  usage  that  may  develop  in  .time,  and  for  the  likely 
occurence  that  certain  housing  development  patterns  may  not  be  suitable  for 
solar  pond  incorporation. 

Regional  pond  potential  estimates  based  on  land  constraint  and  pre- 
dicted pond  performance  were  presented  in  Table  5-10  and  shown  in  Figure  7-2. 
The  total  U.S.  pond  potential  in  the  RCI  buildings  sector  is  3.27  quads/yr, 
which  amounts  to  less  than  12*  of  the  projected  year-2000  energy  needs  for 
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Figure  7-2.  Regional  Applicability  and  Potential  of  Solar  Pond 
Residential,  Commercial  and  Institutional  Buildings 
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space  heating/cooling  and  water  heating.  The  Red  River  region  leads  others 
with  a potential  of  1.08  quads/yr  because  it  has  the  largest  pond-suitable- land 
acreage  and  relatively  high  pond  performance.  Although  the  Great  Lakes  region 
has  the  greatest  thermal  energy  needs  (almost  2.5  times  those  of  the  Red  River 
region),  it  possesses  only  a modest  quantity  of  pond-suitable  land,  and  pond 
energy  output  in  that  region  is  relatively  low.  Consequently,  pond  potential 
for  the  Great  Lakes  region  is  low.  Future  development  progress  may  not  follow 
the  ranking  of  potential  as  estimated  now,  however.  The  northern-heating  and 
southern-cooling  emphases  and  differential  readiness  of  ponds  for  heating  and 
cooling  are  bound  to  affect  the  course  of  pond  development  in  the  RCI 
buildings  sector. 


7.4  INDUSTRIAL  PROCESS  HEAT  SECTOR 

7.4.1  Applicability 

As  discussed  in  Section  5.2,  need  for  thermal  energy  below  200°F 
within  the  manufacturing  sector  (SIC  Code  Categories  20-39)  is  concentrated  in 
the  states  of  California  and  Washington,  most  of  the  Red  River,  Gulf  Coast  and 
Atlantic  Northeast  regions,  part  of  the  Tennessee  Valley  region,  and  all  of 
the  Great  Lakes  region;  see  Table  5-13.  Details  on  the  types  of  industrial 
process  requiring  low-temperature  thermal  energy  within  these  regions  are 
presented  in  Section  5.2.  Food,  furniture,  paper,  chemicals,  leather, 
stone/clay/glass  and  primary  metals  processing  are  among  the  major  consumers 
to  which  solar  pond  energy  can  be  suitable.  The  use  of  solar  ponds  for 
preheating  in  some  higher-temperature  processes  was  not  considered  in  this 
study,  since  appropriate  conservation  measures  such  as  waste  heat  utilization 
might  be  more  readily  and  economically  implemented. 

The  majority  of  solar  ponds  in  the  industrial  sector  will  not  be 
very  large.  Hence,  salts  and  water  resources  are  not  expected  to  be  as 
limiting  as  land.  Land  limitation  will  likely  result  in  fewer  ponds  con- 
structed in  SMSAs  than  in  non-SMSAs.  Many  of  the  more  than  176,000  existing 
impoundments  may  well  be  suitable  for  conversion  into  solar  ponds. 

Based  on  the  results  of  economic  analyses  as  presented  in  Sec- 
tion 6 (Fig.  6-3  and  6-5),  near-term  economic  viability  is  expected  in 
California,  and  most  of  Red  River  and  Gulf  Coast  regions  (Fig.  7.3).  Early 
application  of  solar  ponds  are  more  probable  in  the  food  processing  and 
chemical  industries.  Within  the  Great  Lakes,  Tennessee  Valley  and  Atlantic 
Northeast  regions,  near-term  economic  viability  will  be  achieved  only  if  low 
capital  costs  and  favorable  financial  conditions  can  be  obtained. 


7.4.2  Potential 

Assuming  that  all  of  the  manufacturing  thermal  energy  needs  in  the 
non-SMSAs  (less  than  200°F),  and  only  half  of  those  in  the  SMSAs  are  to  be 
met  by  solar  ponds,  industrial  pond  potential  was  estimated  using  the  1976 
data  base  as  given  in  Table  5-17  of  Section  5.2.  The  expansion  factor  of  1.66 
was  then  applied  to  obtain  the  year  2000  estimate,  rationale  for  the  expansion 
factor  was  being  discussed  in  Section  7.2.  The  regional  solar  pond  potentials 
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in  the  industrial  sector  are  thus  computed  to  bet  Greet  Lakes  region,  0.28 
quads/yrt  Tennessee  Valley  region,  0.14  quads/yr;  Gulf  Coast  region,  0.13 
quads/yr;  Atlantic  Northeast  region,  0.11  quads/yr;  Red  River  region,  0.06 
quads/yr;  Southwest  region,  0.03  quads/yr;  Pacific  Northwest  region,  0.03 
quads/yr;  Salt  Lake  region,  0.02  quads/yr;  and  Black  Hills  region,  0.02  quads/ 
yr.  These  are  indicated  in  Figure  7-3.  The  total  pond  potential  for  the  year 
2000  in  the  industrial  sector  is  thus  0.82  quads/yr.  Note  that  preheating  use 
of  solar  ponds  and  non-manufacturing  industrial  processes  such  as  mining  are 
not  included  in  this  estimate.  In  comparison,  Edesses  (1980)  projected  a 0.6 
quads/yr  potential  where  he  combined  the  industrial  and  agricultural  sectors 
and  assumed  a 30Z  market  penetration.  Ocha  (1980)  estimated  a 2.4  quads/yr 
potential  where  he  included  possible  contribution  of  solar  ponds  in  preheating. 
If  preheating  were  excluded,  then  the  Ochs  estimate  would  be  reduced  4-  to 
5-fold,  according  to  the  data  that  he  used. 


7.5  AGRICULTURAL  PROCESS  HEAT  SECTOR 

7.5.1  Applicability 

Agricultural  activities  occur  throughout  most  of  the  country. 

Only  a few  states  are  exceptions,  having  limited  agricultural  production  due 
to  geological  or  climatic  restrictions.  Solar  ponds  can  supply  thermal  energy 
to  a number  of  agricultural  processes:  crop  drying,  livestock  brooding, 

livestock  waste  disposal,  space  and  water  heating  for  live-stock  shelters, 
greenhouse  conditioning,  and  farmhouse  space  and  water  heating.  Irrigation 
pumping  also  consumes  a significant  fraction  of  agricultural  energy,  and  solar 
ponds  should  be  able  to  provide  electricity  or  shaft  power  needed  for  this 
purpose . 


The  regions  where  solar  ponds  can  be  applied  are  shown  in  Fig- 
ure 7.4.  The  states  of  Nevada,  Montana,  Wyoming,  North  Dakota  and  those 
within  and  neighboring  the  Atlantic  Northeast  region  are  not  included  in  the 
applicable  regions  primarily  because  of  their  limited  needs  for  agricultural 
thermal  energy.  A limited  number  of  isolated  solar  pond  installations  within 
these  states  are  certainly  probable.  Although  the  applicable  regions  appear 
widespread,  more  ponds  for  agricultural  uses  are  expected,  based  on  needs  and 
resource  availability,  in  the  Red  River,  Great  Lakes  and  Southwest  regions. 

As  shown  in  Table  5-20,  the  Red  River  region  ranks  first  in  agricultural 
thermal  energy  need  that  can  be  met  by  solar  ponds,  followed  by  the  Great 
Lakes  and  Southwest  regions. 

Farm  ponds  are  expected  to  be  moderately  sized.  A one-acre  pond 
will  be  able  to  supply  most  of  the  thermal  energy  needs  of  a several-hundred- 
acre  farm.  Locally  occurring  salt  resources  are  not  crucial.  Water  demand 
will  not  be  overly  severe.  Locating  a several-acre  pond  on  a large  farm 
should  not  constitute  a problem.  Appropriate  pond  liner  or  ground  sealer  will 
be  required  in  most  cases,  however,  to  guard  against  possible  contamination  of 
productive  land. 

A multi-purpose  farm  pond  is  envisioned  as  an  integral  part  of  a 
large  farm  landscapes,  built  near  the  farm  house,  animal  shelters,  greenhouses, 
and  the  crop  processing  machineries.  The  high-yield  period  of  a pond  (i.e., 
fall)  happens  to  coincide  with  the  high  energy-demand  period  of  most  farms  as 
crop  processing  activities  largely  occur  around  this  time. 
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Near-term  economic  viability  for  farm  ponde  la  likely  to  occur  in 
the  higher  inaolatlon  regions,  as  indicated  In  Figure  7-4.  This  Is  again  based 
on  economic  analyses  performed  for  the  base  case  thermal  ponds  as  discussed  in 
Section  6.  Although  the  Crest  Lakes  region  has  relatively  low  Inaolatlon,  It 
may  have  sites  whose  local  financial  conditions  and  resource  availability  are 
favorable  enough  to  render  ponds  competitive  with  alternatives  in  the  near 
term. 


7*5.2  Potential 

Information  presented  in  Section  5.3  was  largely  based  on  a 1974 
data  base  which  contains  details  suitable  for  a regional  breakdown.  However, 
as  observed  in  Section  7.2,  significant  expansion  of  the  U.S.  agricultural 
sector  Is  not  expected.  Therefore,  data  contained  in  Table  5-20  will  be  used 
as  a basis  for  estimation  of  agricultural  pond  potential.  In  addition,  the 
0.3  quads/yr  energy  needs  for  farm  house  space  and  water  heating,  which  was 
discussed  in  Section  5. 3. 2. 5 but  not  included  In  Table  5-20,  will  be  added  to 
the  total.  Thus  the  solar  pond  potential  for  supplying  thermal  energy  to  the 
agricultural  sector  Is  estimated  for  the  various  regions  as  fellows:  Red 

River  region,  0.17  quads/yr;  Southwest  region,  0.10  quads/yr;  Great  Lakes 
region,  0.10  quads/yr;  Black  Hills  region,  0.08  quads/yr;  Tennessee  Valley 
region,  0.08  quads/yr;  Gulf  Coast  region,  0.06  quads/yr;  Salt  Lake  region, 

0.06  quads/yr;  Pacific  Northwest  region,  0.06  quads/yr;  and  Atlantic  Northeast 
region,  0.05  quads/yr.  These  are  shown  In  Figure  7-4,  along  with  the  sum 
total  of  0.76  quads/yr  for  the  entire  United  States. 


7.6  ELECTRIC  POWER  SECTOR 

7.6.1  Applicability 

Solar  pond  application  in  the  electric  power  sector  is  perceived 
to  be  limited  by  resources  rather  than  need.  Most  of  the  United  States  Is  or 
can  become  connected  to  utility  grids,  and  the  grids  presumably  can  absorb  any 
amount  of  power  that  is  generated  by  solar  ponds. 

Electrlc-power-generatlng  solar  ponds  will  be  mostly  large-scale, 
tens  or  hundreds  or  thousands  of  acres  in  area,  constructed  on  sites  where  the 
essential  natural  resources  (sunshine,  land,  salts  and  water)  are  available  at 
low  or  no  cost.  Many  of  these  sites  will  likely  be  situated  away  from 
population  centers.  The  design,  construction,  operation  and  maintenance  of 
these  ponds  will  be  significantly  different  from  those  of  thermal  ponds.  The 
physical,  economical,  environmental,  and  other  factors  that  affect  the  install- 
ation and  performance  of  these  ponds  will  also  be  considered  In  a different 
light  than  thermal  ponds.  Smaller  ponds  built  to  generate  electricity  for 
specific  community  use  or  Industrial  plant  applications  can  also  be  expected, 
but  the  various  technical  and  economic  considerations  for  these  may  deviate 
from  the  large-scale  ponds.  Existing  Impoundments  may  receive  attention  for 
conversion  into  solar  ponds  power  plants. 

The  evaluation  of  natural  resources  presented  in  Section  2, 
particularly  in  connection  with  water  and  salts/brlne,  has  provided  insight 


for  siting  of  potential  electricity-generating  ponds.  The  applicable  regions 
are  shown  in  Figure  7-5,  Where  specific  potential  sites  are  also  indicated.  A 
list  of  specific  potential  pond  sites  for  electric  power  generation  was  given 
in  Table  5-34.  More  detailed  discussion  on  these  sites  or  regions  can  be 
found  in  Section  5.4. 

According  to  the  economic  analyses  reported  in  8ection  6,  for  a 
commercial-size  solar  pond  power  plant  (600  MHe),  present  or  near-term  econ- 
omic viability  is  attainable  in  the  Southwest,  Puerto  Rico,  Hawaii,  Salt  Lake, 
Red  River,  and  Gulf  Coast  regions.  This  is  also  indicated  in  Figure  7-5.  For 
a smaller  plant,  on  the  order  of  5 Mile  for  example,  the  per  kilowatt  installed 
capital  cost  will  be  increased,  and  regions  where  pond  power  is  economically 
competitive  with  alternatives  will  be  restricted. 


7.6.2  Potential 

Detailed  assessments  of  resources  in  the  primary  solar-pond  siting 
states  were  presented  in  Section  5.4.2,  along  with  estimates  of  electric  power 
generating  potential.  Somewhat  arbitrary  but  conservative  assumptions  on 
utilisation  of  these  resources  were  made  in  the  estisuition.  The  regional 
electric  power  generating  potential  of  solar  ponds  in  the  yeer  2000  aret  Red 
River  region,  2.03  quads/yr;  Gulf  Coast  region,  0.63  quads/yr}  Salt  Lake 
region,  0.55  quads/yr;  Southwest  region,  0.25  quads/yr;  this  gives  a sum  total 
of  3.46  quads/yr.  The  regional  potentials  are  indicated  in  Figure  7-5.  Note 
that  these  include  only  the  large-scale  solar  pond  power  plants.  Small-scale 
electricity-generating  ponds  such  as  may  be  employed  in  the  industrial  sector 
have  not  been  included  in  this  estimate. 


7.7  DESALINATION  SECTOR 

7.7.1  Applicability 

The  current  desalination  market  for  solar  ponds  is  small,  but  need 
for  desalination  is  projected  to  increase  substantially  during  the  next  2 
decades.  As  discussed  in  Section  2.1.3,  most  of  the  country  west  of  about  96 
degrees  longitude  has  been  water-deficient.  Population  and  economic  growth 
continue  to  demand  more  and  more  water  from  local  and  regional  supplies. 

Energy  development  is  expected  to  put  significant  additional  strain  on  the 
existing  water  resources.  In  addition,  salinity  levels  in  certain  major  water 
streams  are  increasing  and  water  pollution  is  becoming  more  of  a problem  in 
most  regions.  As  a consequence,  the  demand  on  desalted  water  has  been 
projected  to  grow  from  273  mgd  as  of  1981  to  2500  mgd  in  the  year  2000.  (Note 
that  this  Arthur  D.  Little  projection  is  more  than  an  order  of  magnitude  lower 
than  an  independent  Flour  Co.  projection.) 

Solar  ponds  are  perceived  to  be  capable  of  providing  thermal 
energy  to  the  distillation  desalination  process,  and  electric  or  mechanical 
power  to  the  reverse  osmosis  and  electrodialysis  processes.  To  date,  limited 
studies  have  been  performed  on  this  particular  application,  and  further  R&D 
efforts  need  to  be  conducted. 

Solar  ponds  for  desalting  purposes  may  be  located  near  population 
centers,  in  which  case  land  and  other  resource  constraints  must  be  satisfied. 
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or  in  remote  areas  where  the  requisite  resources  may  be  abundant.  As 
[ discussed  in  Section  5.5,  p number  of  options  is  available  for  integrating 

i solar  ponds  into  desalinar  processes.  An  advantage  that  has  been  pointed 

[ out  is  that  while  solar  f provide  thermal,  mechanical  or  electric  energy 

to  desalination  processes,  the  desalting  plant  effluent  can  be  utilized  by 
ponds,  resulting  in  cost  reduction  both  in  effluent  disposal  for  the  plant  and 
brine  concentration  for  the  pond. 

Regions  that  have  been  projected  to  require  sustantial  desalting 
by  the  year  2000  (Section  5.5)  and  where  solar  ponds  can  be  applied  are  the 
Southwest,  Salt  Lake,  Red  River,  Gulf  Coast,  and  Tennessee  Valley.  These  are 
shown  in  Figure  7-6.  Since  these  regions  have  either  high  or  moderate 
insolation,  economic  viability  appears  to  be  achievable  as  indicated  in  Figure 
7-6,  based  on  economic  analyses  reported  in  Section  6. 


7.7.2  Potential 

The  projected  desalted  water  demand  from  low  salinity  feedwater  in 
the  year  2000  is  516  ragd.  Assuming  all  demand  to  be  met  by  reverse  osmosis  or 
electrodialysis  plants  which  obtained  their  electric  power  from  solar  ponds, 
the  pond  potential  will  be' 0.02  quads/yr.  Desalted  water  demand  from  high 
salinity  feedwater  was  projected  to  be  2003  ragd  for  the  year  2000.  If  all 
demand  is  met  by  distillation  plants  which  derived  their  thermal  energy  from 
solar  ponds,  then  the  pond  potential  will  be  0.61  quads/yr.  Clearly,  the 
potential  for  high  salinity  feedwater  desalting  is  much  greater  than  that  for 
low-salinity  feedwater.  This  is  an  area  to  focus  on  in  future  development  of 
solar  ponds.  Information  contained  in  Tables  5-43  and  5-44  concerning  pond 
potential  is  summarized  in  Figure  7-6.  As  can  be  seen  in  this  figure,  the 
Southwest  region  leads  with  a solar  pond  desalting  potential  of  0.26  quads/yr, 
followed  by  the  Salt  Lake  region  wi^h  0.19  quads/yr  and  the  Red  River  region 
with  0.10  quads/yr.  Including  the  Gulf  Coast  and  Tennessee  Valley  regions, 
the  total  projected  solar  pond  energy  supply  potential  for  desalination  in  the 
year  2000  is  estimated  to  be  0.63  quads/yr. 


7.8  SUMMARY 

Regional  applicability  and  potential  of  solar  ponds  in  the  vari- 
ous market  sectors  as  discussed  in  the  foregoing  sections  are  summarized  in 
Table  7-2.  Alaska  is  the  only  region  that  is  not  suitable  for  operating  solar 
ponds  because  of  its  low  level  of  insolation.  Ponds  are  applicable  in  all  the 
other  regions  for  at  least  two  market  sectors.  Where  applicability  is  not 
indicated  for  a particular  market  in  a particular  region,  the  development  of 
ponds  may  still  be  possible  if  exceptionally  favorable  conditions  exist  on 
certain  sites.  Applicability  implies  that  at  least  long-term  economic  via- 
bility (by  year  2000)  can  be  achieved.  Regions  where  near-term  economic  via- 
bility is  attainable  were  indicated  in  Figures  7-2  through  7-6. 

Costs  of  delivered  energy  from  solar  ponds  are  also  included  in 
Table  7-2.  The  costs  are  in  1981  dollars  and  are  for  ponds  with  a 1990  start- 
up schedule.  The  start-up  date  does  not  affect  energy  costs  significantly. 

For  example,  these  costs  will  be  reduced  by  1.0  to  1.52  if  a 1985  start-up 
date  were  considered.  With  respect  to  the  thermal  energy  costs,  the  low 
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figures  in  the  range  are  associated  with  a pond  capital  cost  of  $31/m^  and  a 
discount  rate  of  UZ,  while  the  high  figures  in  the  range  are  associated  with 
a pond  capital  cost  of  $87/m^  and  a discount  rate  of  20Z.  The  busbar 
electric  power  costs  are  based  on  a discount  rate  of  11Z,  with  the  low  figures 
based  on  capital  cost  estimates  developed  for  a 600-MWe  commercial-size  solar 
pond  power  plant  at  the  Salton  Sea,  and  the  high  figures  related  to  a 5-MWe 
plant  at  the  same  location.  The  other  pertinent  financial  factors  are: 
inflation  rate  ■ 7.2Z;  O&M  escalation  rate  * 9.3Z;  capital  escalation  rate  * 
7.2Z;  system  lifetime  * 20  years;  construction  time  ■ 2 years;  miscellaneous 
expense  rate  * 2.25Z;  investment  tax  credit  rate  * 10Z;  depreciation  by  the 
sum-of-year8-digits  method;  and  the  various  local  tax  rates  as  appropriate  for 
the  regions  (which  range  between  44  and  51Z). 

When  solar  ponds  are  compared  with  natural  gas,  for  industrial 
thermal  applications  (using  a discount  rate  of  20Z),  no  solar  ponds  will  be 
competitive  in  any  region  during  the  next  2 decades  within  the  capital  cost 
range  considered.  But  for  municipal  thermal  applications  (using  a discount 
rate  of  11Z),  ponds  will  be  competitive  for  a subset  of  capital  costs  and 
regions  after  1990.  This  comparison  will  of  course  have  to  be  reexamined  if 
deregulation  of  natural  gas  prices  takes  place. 

When  a 250-acre  solar  pond  power  plant  (producing  600  MWe  nominal 
in  the  Southwest  region)  is  compared  with  a small  (8  MW)  new  oil-fired 
facility,  the  solar  pond  power  plant  is  competitive  in  the  Southwest,  Hawaii 
and  Puerto  Rico  regions  within  the  capital  cost  range  considered.  If  the 
capital  costs  can  be  held  below  $50/m*,  then  ponds  are  also  competitive  in 
the  Salt  Lake  and  Red  River  regions,  and  nearly  competitive  in  the  Gulf  Coast 
and  Tennessee  Valley  regions. 

When  a 26,400-acre  pond  (producing  600  MWe  nominal  in  the 
Southwest  region)  is  compared  with  a coal-fired  power  plant,  the  pond  is 
competitive  in  the  Southwest,  Red  River  and  Hawaii  regions  and  not  competitive 
in  the  Black  Hills,  Great  Lakes,  Atlantic  Northeast  and  Alaska  regions.  In 
all  other  regions,  the  solar  pond  power  plant  can  be  competitive  under 
specific  time  horizons  and  capital  cost  ranges.  In  general,  under  proper 
technical  and  financial  conditions,  solar  ponds  can  attain  near-term  economic 
viability,  particularly  in  the  southern  high-isolation  regions.  This  is  as 
expected,  since  higher  solar  intake  results  in  higher  pond  energy  yield  and, 
hence,  lower  energy  cost. 

The  energy  supply  potentials  of  solar  ponds  in  the  year  2000  are 
also  tabulated  in  Table  7-2  by  region  and  by  market  sector.  Insufficient  data 
are  available  to  enable  estimation  for  the  Hawaii  and  Puerto  Rico  regions. 
These  regions  are  small  and  the  quad  numbers  will  be  small,  but  high  pond 
performance  and  the  apparent  a'  ailability  of  resources  in  these  regions  are 
expected  to  make  ponds  significant  energy  suppliers  to  meet  the  local  needs. 
The  Red  River  region  ranks  the  highest  in  pond  potential,  3.44  quads/yr,  for  a 
combination  of  reasons:  abundant  resources,  strong  energy  demand,  relatively 

high  insolation,  and  suitable  climatic  and  hydrogeological  conditions.  The 
Gulf  Coast  and  Southwest  rank  second  and  third,  respectively;  both  have  very 
favorable  conditions  to  support  solar  pond  development.  Situated  in  the  Sun 
Belt,  both  regions  have  experienced  and  will  continue  to  experience  healthy 
economic  expansion.  Most  of  this  country's  first  comnercial  solar  pond 
facilities  can  be  expected  in  the  Red  River,  Gulf  Coast  and  Southwest  regions. 
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Table  7-2.  Regional  Applicability  and  Potential  of  Salt-Gradient  Solar  Ponds  in  the  United  States 


Appl icabil i tya 

lie  l ivered 

Energy  Cost** 

Energy  Supply  Potential. 

quads/yr  (year 

2000) 

Region 

Market  Sector 

Bldg.  1 PH  APH  Elect.  Desal. 

Thermalc 

Energy 

J/MBtu 

£lectricd 

Energy 

1/kWh 

Market  Sector 

Bldg.  IPH  APH  Elect.  Desal. 

Regional 

Sum  Rank 

Total  Pond 

Area, 
10*  acre 

Pacific  Northwest 

X 

XX 

X 

11.7-38.3 

14.1-  50.9 

0.23 

0.03 

0.06 

0.32 

8 

82.9 

Salt  Lake 

X 

XX 

XX 

X 

X 

8.0-25.9 

10.0-  3u.4 

0.06 

0.02 

0.06 

0.55 

0.19 

0.88 

4 

706.2 

Southwest 

X 

XX 

XX 

X 

X 

6.0-19.5 

8.5-  23.5 

0.29 

0.03 

0.10 

0.25 

0.26 

0.93 

3 

307.5 

Black  Hills 

X 

XX 

XX 

14 . 7-48 . 3 

18.0-  69.0 

0.03 

0.02 

0.08 

0.13 

9 

42.5 

Red  River 

X 

XX 

X 

X 

X 

8.3-28.6 

11.2-  34.8 

1.08 

0.06 

0.17 

2.03 

0.10 

3.44 

1 

1301.5 

Great  Lakes 

X 

X 

X 

16.7-54.7 

21.5-  83.9 

0.21 

0.28 

0.10 

0.59 

7 

218.5 

Tennessee  Valley 

X 

XX 

XX 

XX 

X 

9.7-31.3 

12.8-  44.0 

0.63 

0.14 

0.08 

0.02 

0.87 

5 

186.3 

Gulf  Coast 

X 

XX 

X 

XX 

X 

9.0-28.7 

11.8-  39.1 

0.29 

0.13 

0.06 

0.63 

0.06 

1.17 

2 

1057.8 

Atlantic  Northeast 

X 

XX 

XX 

18.5-61.9 

25.9-104.0 

0.45 

0.11 

0.05 

0.61 

6 

252.1 

Alaska 

e 

e 

e 

e 

e 

Hawa i i 

X 

X 

X 

6.8-21.0 

9.0-  26.2 

f 

f 

f 

f 

f 

f 

f 

f 

Puerto  Rico 

X 

X 

6.5-19.5 

8.7-  24.5 

f 

f 

f 

f 

f 

f 

f 

f 

United  States 

X 

X 

X 

X 

X 

3.27 

h .82 

0.76 

3.46 

0.63 

8.94 

4155.3 

aThe  symbol  x indicates 

that 

solar 

ponds  are 

appl ic 

able  in  the  entire  region;  xx 

indicates  applicability  in 

parts  of 

the  region; 

; and 

a 

blank  indicates  that,  disregarding  the  exceptional  cases,  solar  ponds  are  not  applicable  in  the  region. 

^Compared  with  the  costs  of  energy  from  conventional  sources  such  as  natural  gas,  coal-fired  and  oil-fired  power  plants,  the  costs  of  energy 
delivered  from  solar  ponds  are  generally  competitive  in  the  high  insolation  regions  and  under  reasonable  technical  and  financial  conditions. 
Detailed  comparisons  are  presented  in  the  text  of  the  report. 


cEnergy  costs  are  for  a 1990  pond  start-up  and  are  in  1981  dollars.  The  cost  range  covers  a capital  cost  range  of  from  Vii/v?  to  187 /m^ 
and  a discount  rate  variation  from  11Z  to  20Z.  Inflation  rate  * 7.2Z.  Capital  escalation  rate  “ 7.2Z.  048  escalation  rate  • 9.3Z. 

Investment  tax  credit  rate  • 10Z.  Sum-of-years-digi ts  deprec iat ion. 

dBusbar  electricity  costs  are  for  a 1990  pond  start-up  and  are  in  1981  dollars.  Tne  lower  figures  are  based  on  capital  cost  estimates  developed 
for  a bo 0 - MW e solar  pond  power  plant  at  the  Salton  Sea.  The  higher  figures  are  based  on  capital  cost  estimates  developed  for  a 5-HMe  plant  at  the 
same  location.  Discount  rate  ■ 11Z.  Other  financial  parameters  are  the  same  as  above. 


cSolar  pond  not  feasible. 

^Dat a insufficient  for  estimation. 
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The  Salt  Lake  region  ranks  fourth,  with  a significant  contribution 
from  the  Great  Salt  Lake,  whose  electric  power  generating  potential  tops  the 
nation's  inland  water  bodies.  The  Tennessee  Valley  ranks  fifth,  with 
favorable  conditions  for  ponds  in  almost  every  market  sector.  The  Atlantic 
Northeast  region  follows  in  the  ranking,  primarily  because  of  a large 
potential  in  the  residential,  commercial  and  institutional  buildings  rector. 
This  is  so  because  the  region  is  highly  developed,  and  the  pond-suitable  land 
acreage  in  the  to-be-developed  areas  is  second  only  to  that  for  the  Red  River 
region.  However,  considering  the  low  insolation  level  and  cold  winters 
prevailing  in  the  region  and  the  region's  slower  economic  growth  patterns, 
additional  engineering  and  economic  considerations  will  be  required  to 
materialize  this  potential  in  the  buildings  sector.  The  Great  Lakes  region 
ranks  seventh;  although  the  agricultural  and  industrial  activities  are  rather 
brisk  in  comparison  with  other  regions,  the  relatively  low  insolation  level 
renders  application  of  solar  ponds  in  the  other  market  sectors  less 
attractive.  The  Pacific  Northwest  and  Black  Hills  regions  are  two  of  the 
least  attractive  regions  for  solar  ponds.  The  explanation  lies  in  low 
insolation,  unfavorable  climatic  and  geological  conditions,  meager  pond 
resources,  and  low  energy  demand. 


The  total  energy  supply  potential  of  solar  ponds  for  the  United 
States  in  the  year  2000  is  8.94  quads/yr.  This  amounts  to  7.2%  of  the 
projected  national  energy  demand  for  that  year.  An  estimated  4 million  acres 
of  solar  ponds  will  be  required  to  produce  8.94  quads/yr.  This  total  pond 
area  is  slightly  less  than  four  times  the  area  of  the  Great  Salt  Lake,  a small 
quantity  compared  to  the  vast  expanse  of  the  country. 


SECTION  8 


CONCLUSIONS  AND  RECOMMENDATIONS 


Abundant  resources  exist  in  the  United  States  for  the  development 
of  salt-gradient  solar  ponds  to  supply  electric  power  and  low-temperature 
thermal  energy.  Climatic  and  hydrogeological  conditions  are  suitable  for 
operating  solar  ponds  in  most  regions  of  the  country.  Five  major  market 
sectors  display  energy  demand  characteristics  that  are  compatible  with  solar 
ponds.  Near-term  economic  viability  is  attainable  for  the  pond  technology  in 
several  regions  and  markets.  The  energy  supply  potential  of  solar  ponds  in 
the  year  2000  is  estimated  at  8.94  quads  per  year. 

These  conclusions  have  been  reached  through  an  extensive  survey 
lasting  more  than  a year,  and  through  subsequent  data-gathering,  computer- 
modeling, analysis,  and  evaluation.  A regional-assessment  approach  has  been 
taken  to  allow  for  a comprehensive  coverage  of  the  entire  United  States,  the 
major  potential  market  sectors,  and  the  various  key  technical  and  economic 
factors. 


The  facts  and  analyses  presented  in  this  report  are  intended  to; 

(1)  ascertain  the  applicability  and  potential  of  the  emerging  solar  pond 
technology,  (2)  provide  input  data  to  the  decision-makers  on  the  federal, 
local  and  private-sector  levels  to  encourage  them  to  make  choices  or  establish 
priorities/strategies  to  advance  and  commercialize  the  technology,  and  (3) 
provide  pond  investigators,  practitioners  and  users  with  an  adequate  data  base 
to  facilitate  their  future  work. 

The  following  conclusions  and  recommendations  have  resulted  from 

this  study: 

(1)  Solar  ponds  are  technically  and  economically  viable  energy 
producers  that  can  and  should  be  exploited  in  the  applicable 
regions  and  markets  of  the  United  States.  The  potential  is 
high,  and  actions  should  be  taken  on  the  federal,  local  and 
private-sector  levels  to  develop  and  materialize  this 
potential. 

(2)  In  the  initial  commercialization  stage,  the  Federal 
Government  should  play  an  active  role  in  providing  the  local 
government  and  private  sectors  with  adequate  incentives  to 
stimulate  deployment  of  solar  ponds.  Co-funding  prototype 
pond  projects,  and  strongly  supporting  large-scale  field 
experiments  and  important  R&D  activities  are  examples  of 
recommended  federal  involvements. 

(3)  Local  government  and  private  sector  users  are  the  direct 
beneficiaries,  and  should  take  positive  steps  to  bring  about 
an  early  conanercialization  of  solar  ponds. 

(4)  Regions  deserving  particular  attention  are  the  Red  River, 
Gulf  Coast,  Southwest  and  Salt  Lake  regions,  where  the  pond 
potential  is  the  highest,  the  resources  are  the  most 
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abundant,  and  the  energy  demands  are  the  greatest.  Specific 
sites  within  these  regions  are,  for  example,  the  Salton  Sea, 
the  Great  Salt  Lake,  Permian  Basin,  the  Gulf  Coast  salt 
domes,  Paradox  Basin,  Supai  Basin,  the  Red  River  chloride 
control  zones,  Galveston  Bay,  Owens  Valley,  San  Diego  Bay, 
etc.  Other  specific  potential  pond  sites  are  listed  in 
Table  5-34. 

The  electric  power  production  potential  of  solar  ponds  is 
enormous.  At  an  estimated  3.46  quads/yr,  electric  power 
ponds  represent  about  392  of  the  national  pond  potential. 

The  recent  Israeli  success  in  generating  electricity  with 
ponds  and  the  knowledge  of  this  sizeable  U.S.  potential 
should  stimulate  increased  emphasis  in  this  market. 

The  pond  potential  for  space  heating/cooling  and  water 
heating  in  the  residential,  commercial  and  institutional 
buildings  sector  is  also  very  significant,  at  an  estimated 
3.27  quads/yr,  about  372  of  the  total  national  pond 
potential.  However,  unlike  the  electric  power  market,  the 
buildings  market  spreads  over  the  country  and  concentrated 
development  in  a few  regions  is  not  possible.  Moreover,  the 
requirement  for  space  heating  is  higher  in  regions  with  lower 
insolation,  and  air-conditioning  using  solar  ponds  in  the 
high-insolation  regions  remains  to  be  demonstrated.  Tech- 
niques for  enhancing  solar  collection  in  the  low-insolation 
regions,  such  as  tilted  reflectors,  should  be  explored.  This 
will  be  of  value  particularly  to  the  Atlantic  Northeast 
region,  where  pond  potential  for  building  space  heating  is 
relatively  high. 

Collection  enhancement  techniques  should  also  benefit  the 
Great  Lakes  region,  where  the  IPH  market  potential  is  the 
highest  among  all  regions.  The  IPH  sector  possesses  over 
176,000  existing  impoundments  whose  possible  conversion  into 
solar  ponds  deserves  further  investigation.  Many  non- 
manufacturing industrial  processes,  such  as  mining,  should 
be  able  to  utilize  ponds.  Also,  solar  ponds  may  be  practical 
in  providing  preheat  to  some  high-temperature  industrial 
processes.  These  are  additional  study  areas  that  should  be 
pursued  in  the  future. 

Multipurpose  farm  ponds  offer  a number  of  distinct  advantages 
to  the  agricultural  sector.  Initial  development  and 
commercial  effort  should  concentrate  on  California,  Texas 
and  the  Great  Lakes  region. 

The  desalination  market  is  at  present  very  small,  and  the 
estimate  for  its  future  potential  here  is  conservative.  The 
possibility  exists  that  tremendous  growth  in  desalting  energy 
consumption  may  occur  in  the  next  2 decades.  Solar  ponds 
coupled  with  distillation  desalting  plants  may  offer  several 
advantages.  Future  development  in  this  area  can  focus  on 
the  Southwest,  Salt  Lake,  and  Red  River  regions. 
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(10)  Solar  pond-desalting  plant  coupling  is  but  one  example  of 
combined  technology.  Other  possible  and  perhaps  promising 
combinations  are  solar  ponds  with  sewage  treatment,  solar 
pond  with  oil  shale  development,  solar  ponds  with  mineral 
recovery  including  salt  production,  solar  ponds  with  ethanol 
production,  etc.  In  most  of  these  combinations,  cost 
benefits  can  be  reaped  by  both  the  solar  pond  and  its 
counterpart.  To  date,  these  concepts  have  received  only 
limited  attention.  Their  future  development  may  again 
reside  largely  in  the  high-insolation  regions. 

(11)  The  economic  analysis  conducted  in  this  study  reveals  that 
the  major  energy  cost  drivers  are  the  initial  capital  cost, 
pond  energy  output  and  discount  rate.  Doubling  the  capital 
cost  can  increase  the  pond  energy  cost  by  40  to  70%. 

Doubling  the  discount  rate  can  increase  the  pond  energy  cost 
by  33  to  102%.  But  doubling  the  pond  energy  output  can 
decrease  the  energy  cost  by  about  100%.  This  points  out  the 
importance  of  siting,  enhancement  of  pond  performance, 
reduction  of  up-front  construction  cost,  and  financing 
arrangement.  Creative  financing  of  solar  ponds  is  an  issue 
that  has  not  been  specifically  addressed  and  should  receive 
more  attention  in  the  future.  The  impact  of  reducing 
construction  cost  has  long  been  recognized  and  continued 
effort  should  be  made  to  produce  low-ccst  ponds.  Enhancing 
pond  performance  has  been  the  stated  goal  of  many  research 
programs  but  few  concrete  methods  have  been  established  to 
date.  Future  efforts  should  be  directed  toward  these  three 
specific  areas  if  the  economic  viability  of  ponds  is  to  be 
further  improved. 

(12)  Speaking  of  the  economic  effect  of  pond  performance  alone 
may  be  misleading.  It  is  actually  the  performance  of  the 
entire  pond  system  that  is  translated  into  pond  energy 
economics.  Improving  the  performance  of  the  pond  itself  is 
certainly  important,  but  improving  the  efficiency  of  the 
energy  distribution  subsystem,  the  power  conversion  sub- 
system, and  above  all,  optimizing  the  entire  system,  are  of 
crucial  importance  as  well.  Solar  pond  system  optimization 
has  barely  been  addressed,  and  adequate  attention  must  be 
paid  to  the  subject. 

(13)  For  locations  that  lack  certain  resources,  several  R&D  items 
may  be  important.  Evaporation  suppressants  will  aid  the 
water-short  regions.  Alternate,  inexpensive  salt  will 
benefit  regions  with  no  known  salt  resources.  Enhanced 
evaporation  techniques  will  improve  the  likelihood  of 
turning  low-saline  lakes  and  coastal  regions  into  solar 
ponds,  and  increase  the  nation's  salt  resources  immensely. 
Floating  ponds  will  remove  the  land  constraint  from  many 
populated  coastal  cities  and  make  deep  existing  lakes 
available  for  converison  into  solar  ponds.  Reflectors 
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around  ponds  to  enhance  solar  collection  have  been  mentioned 
in  (6)  and  (7)  above.  R4D  efforts  addressing  these  items 
will  preserve  or  enlarge  the  nation's  pond  resources,  and 
should  not  be  neglected. 

(14)  This  regional  assessment  provides  comprehensive  and  broad 

information  and  overview  on  the  applicability  end  potential 
of  solar  ponds  in  the  United  States.  The  next  level  of 
effort  should  be  on  a district  level  and  directed  toward 
formulation  of  master  plans.  The  Utah  assessment  by  Riley 
and  Batty  (1981)  performed  in  support  of  this  study,  repre- 
sents a good  example  for  such.  Site-specific  studies  that 
must  be  performed  before  any  pond  project  actually  can  be 
launched  are  best  conducted  within  the  structure  of  larger- 
scoped  long-term  planning  and  regional  development  guide- 
lines. 
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APPENDIX  A 

DESCRIPTION  OF  A SALT-GRADIENT  SOLAR  POND 
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A typical  salt-gradient  solar  pond  can  be  depicted  by  the  schematic 
shown  in  Figure  A-l.  Pond  area  can  range  from  several  hundred  square  meters 
(a  fraction  of  an  acre)  to  several  square  kilometers  (hundreds  of  acres). 

Pond  depth  usually  varies  between  three  and  five  meters,  depending  on  the 
location  and  intended  application.  A pond  is  formed  by  excavation  or 
embankment,  or  a combination  thereof.  The  sides  and  bottom  of  a pond  may  or 
may  not  be  lined  with  a plastic  membrane  or  other  impermeable  liner,  depending 
on  the  underlying  soil  conditions  and  the  extent  to  which  the  surrounding 
environment  requires  protection  against  possible  salt  contamination. 

As  reflected  by  the  name,  a salt-gradient  solar  pond  is  filled 
with  brine  made  of  one  or  several  salts,  with  the  salt  concentration  varying 
from  a few  percent  (by  weight)  at  the  surface  to  over  twenty  percent  at  the 
bottom.  A typical  slainity  profile  is  depicted  in  Figure  1.  Normally,  the 
surface  zone  (0.15-0.30  m)  and  the  bottom  storage  zone  (1.5-3. 5 m)  have 
uniform  salinity,  and  the  gradient  zone  (1-1.5  m)  has  a salt  concentration 
that  increases  with  depth. 

As  solar  radiation  impinges  on  the  pond  surface,  part  of  it  is 
reflected  and  the  remainder  penetrates  into  and  is  absorbed  by  the  pond.  To 
understand  how  a salt-gradient  solar  pond  traps  the  absorbed  solar  energy,  one 
may  first  examine  why  an  ordinary  pond  (i.e.  as  fresh  water  pond  or  a saline 
pond  with  uniform  salinity)  fails  to  do  so.  In  an  ordinary  pond,  when  the 
water  absorbs  the  incident  solar  radiation,  its  temperature  increases  and  its 
density  decreases.  The  water  near  the  surface  is  readily  cooled  as  heat  is 
dissipated  to  the  atmosphere.  The  warmer,  lighter  water  at  the  bottom  will 
then  rise  to  the  surface  causing  a fluid  circulation  commonly  referred  to  as 
natural  convection.  At  the  surface,  the  heat  contained  in  the  warmer  water  is 
again  transferred  to  the  ambient  air.  Thus  an  ordinary  pond  cannot  store  the 
solar  energy  that  it  absorbs. 

In  a salt-gradient  pond,  due  to  the  presence  of  the  constructed 
salinity  gradient,  natural  convection  is  suppressed  because  while  water  at  the 
lower  layer  may  be  warmer,  it  has  a higher  salt  content  and  therefore  remains 
heavier  than  water  at  the  upper  layer.  In  addition,  the  salt-gradient  zone 
prohibits  longwave  reradiation  (as  water  is  opaque  to  infrared  radiation),  and 
offers  an  effective  conduction  barrier  (because  the  thermal  conductivity  of 
water  is  relatively  low  and  the  gradient  zone  is  sufficiently  thick). 
Consequently,  the  salt-gradient  zone  enables  the  pond  to  trap  heat  in  the 
storage  zone,  where  the  temperature  is  allowed  to  increase  steadily  to  a level 
substantially  above  ambient.  Typically,  temperature  in  a salt-gradient  pond 
increases  with  depth,  varying  from  slightly  above  ambient  in  the  surface  zone 
to  80-100°C  in  the  storage  zone  during  the  fall.  Some  representative 
temperature  profiles  are  illustrated  in  Figure  A-l;  note  that  they  resemble 
the  salinity  profile  qualitatively. 

Both  the  surface  and  storage  zone  are  convective  (indicated  in 
Figure  A-l  by  the  convecting  currents).  The  convecting  currents  in  the 
surface  zone  are  caused  by  wind,  /.  operation,  precipitation,  diurnal  heating 
and  cooling,  and  other  physical  factors,  in  ways  that  have  not  yet  been  fully 
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comprehended.  The  convecting  currents  in  the  storage  zone,  on  the  other  hand, 
are  induced  by  the  buoyancy  of  heated  bottom  brine,  the  disturbance  from  heat 
extraction,  etc.  These  phenomena  also  require  further  study  in  order  to  be 
fully  understood.  The  gradient  zone  is  stratified  and  nonconvective.  It 
separates  the  two  convective  zones  above  and  below,  and  prevents  a full-depth 
natural  convection  from  occuring,  thereby  serving  its  vital  insulating 
function. 


Heat  trapped  in  the  storage  zone  can  be  extracted  by  means  of 
in-pond  or  out-of  pond  heat  exchangers  for  both  electric  and  thermal 
applications.  Earlier  experiences  with  in-pond  heat  exchangers  have  pointed 
out  several  disadvantages,  such  as  corrosion  and  maintenance  inconvenience. 
Particularly  in  large  pond  installations,  out-of-pond  heat  exchangers  are 
favored.  Hot  brine  is  withdrawn  near  the  upper  portion  of  the  storage  zone 
(Fig.  A-l)  and  circulated  through  an  out-of-pond  heat  exchanger  where  a 
working  fluid  receives  heat  from. the  brine  to  perform  its  designed  duties. 

The  cold  brine  is  then  returned  to  the  pond  near  the  bottom  of  the  storage 
zone,  usually  on  the  opposite  end  from  hot-brine  withdrawal.  Thermal  energy 
thus  extracted  from  the  pond  can  be  used  to  generate  electricity  or  support  a 
variety  of  thermal  applications  such  as  residential  and  cotmnercial  building 
space  and  water  heating,  industrial  and  agricultural  process  heating  and 
desalination. 
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APPENDIX  B 


B. 1 INSOLATION  MEASUREMENTS  AND  CONTOUR  GENERATION 


B.I.l  BASIC  CONCEPTS 

The  radiance  of  the  solar  radiation  field  at  a given  point  in 
space,  R(&),  represents  the  power  per  unit  area  normal  to  a specified 
direction,  per  unit  solid  angle,  and  is  a function  of  the  direction 
specified.  Outside  the  earth's  atmosphere  this  radiance  has  a value  of 

R(0)  = 1.988  x 104  — -- 

m steradian 

in  the  direction  of  the  solar  disc,  and  is  essentially  zero  for  other 
directions.  This  value  is  independent  of  the  sun-earth  distance  and  does 
not  therefore  have  an  annual  time  dependence.  Being  a measure  of  instrinsic 
solar  properties  it  is  also  believed  to  be  constant  in  time  over  very  long 
periods. 


The  solar  constant  is  obtained  from  the  above  radiance  by 
integrating  over  the  solar  disc  at  a sun-earth  distance  of  one  astronomical 
unit  and  has  the  value  of  1.354  kW/m2.  This  value  is  also  constant  in  time 
and  does  not  depend  upon  direction. 

In  contrast  to  the  simple  conditions  outside  the  earth's 
atmosphere,  scattering  and  absorption  phenomena  result  in  a much  more  complex 
situation  for  locations  at  or  near  the  earth's  surface.  These  effects  may  be 
summarized  by  comparing  the  radiance  at  the  earth's  surface  with  that  outside 
the  earth's  atmosphere,  and  such  a comparison  is  shown  in  Figure  B-l.  It  is 
seen  that  the  terrestrial  plot  of  R(0)  differs  from  the  exoatmospheric  plot  in 
having  a smaller  value  across  the  solar  disc  (1.5  x 104*  kW/m2  - steradian) 
and  non-zero  values  for  angles  away  from  the  disc. 


B.1.2  INSOLATION  MEASUREMENTS 

Radiation  measuring  instruments  (radiometers)  are  designed  t.o 
measure  power  levels  integrated  over  some  fixed  area  and  solid  angle 
determined  by  the  instrument  geometry.  The  quantity  they  specify  is  the  power 
per  unit  area  normal  to  a specified  direction,  i.e.,  the  irradiance  over  the 
given  solid  angle. 

Insolation  instruments  differ  in  the  solid  angle  used  and  the 
orientation  of  the  instrument  axis  relative  to  the  sun's  center.  They  fall 
into  two  categories  depending  upon  the  values  of  these  parameters. 


lThis  is  an  average  value  across  the  solar  disc  and  ignores  limb  darkening. 
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The  pyrhelioweter  has  a relatively  small  field  angle  (typically 
5-15°),  and  is  maintained  with  its  axis  directed  towards  the  sun  by  means  of 
a clock-driven  equatorial  mount.  The  quantity  thus  measured  is  called  the 
direct  normal  insolation  and  is  related  to  the  radiance  shown  in  Figure  B-l  by 
the  rollowing  expression, 

fltDN  - J R (0)  dft 

where  is  the  solid  angle  corresponding  to  the  instrument's  field  angle. 

The  pyranometer  has  a 180°  field  angle  and  hence  measures  the 
insolation  over  a solid  angle  of  2ir steradians.  The  orientation  of  the 
instrument  axis  is  fixed  relative  to  the  local  vertical  direction  and  is 
usually  parallel  to  this  direction.  In  this  case,  the  resulting  measure  is 
called  the  total  horizontal  insolation  or  total  hemispheric  insolation, 

I«TU.  Since  the  direction  to  the  sun's  center  relative  to  local  vertical 
direction  has  a complex  temporal  dependence  which,  in  turn,  depends  upon  the 
geographical  location,  the  relationship  between  and  R (Q)  is  no  longer 
simple. 


The  pyranometer  i::  sometimes  used  with  a shade  ring  which  is 
mounted  so  as  to  prevent  the  direct  radiation  from  the  sun  from  reaching  the 
instrument's  entrance  pupil.  In  this  case  the  instrument  measures  the  diffuse 
horizontal  insolation,  Ij||. 

As  can  be  seen  from  Figure  B-l,  a pyrhel iometer  with  a total  field 
angle  of  several  degrees  will  measure  not  only  the  direct  radiation  from  the 
sun  (field  angel  — 1/2°) , but  also  a certain  amount  of  diffuse  radiation 
coming  from  the  sky.  While  generally  small,  this  diffuse  radiation  which 
enters  the  pyrheliometer  (called  the  circumsolar  insolation,  Icg)  can  be 
significant  in  the  presence  of  strong  atmospheric  scattering  by  water  vapor. 
The  dashed  curve  in  Figure  B-l  corresponds  to  a hazy  atmosphere  condition  and 
illustrates  the  strong  atmospheric  scattering  power  of  water  vapor  and 
submicron-size  water  droplets. 

If  the  irradiance  measured  by  a pyrheliometer  with  a 1/2°  field 
angle  is  defined  as  the  true  direct  normal  component,  IdnO*  t*ien  the 
quantities  defined  above  are  related  as  follows: 

IDN  " IDM0  + ^a* 

ITH  " *CN  co®  z + *dH 

“ ( *DN0  * *ca)  cos  2 * *dH» 


where 

Z ■ zeuith  angle  of  sun. 

B. 1.3  METHODS  FOR  GENERATING  CONTOUR  MAPS 

The  question  of  the  effect  which  different  interpolation  schemes 
have  on  contours  produced  from  a given  data  set  does  not  appear  to  have  been 
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considered  by  those  presenting  such  maps  because  little  or  no  mention  is 
generally  made  as  to  which  of  the  many  possible  methods  for  generating 
contours  has  actually  been  used.  The  discussion  which  follows  presents  some 
of  the  basic  problems  that  should  be  considered  and  provides  a number  of 
specific  examples  which  demonstrate  the  rather  large  variation  that  can  be 
obtained  by  using  different  methods  for  the  generation  of  contour  maps. 

TWo  basic  approaches  may  be  used  to  generate  contours  from  a given 
set  of  randomly  distributed  points  at  which  the  zenith  angles  of  the  sun  are 
specified.  In  the  first,  the  points  are  interconnected  to  form  a net  of 
trimg'es,  and  points  on  the  contour  lines  are  determined  by  linear 
interpolation  of  the  z-values  along  each  of  the  sides  of  each  triangle. 

Conmon  z -value  points  are  then  joined  by  a smooth  curve.  The  second  approach 
begins  by  fitting  a smooth  surface  to  the  z-values  given,  and  then  drawing  the 
contours. 


In  the  first  approach,  there  is  ambiguity  in  the  choice  of 
interconnections  in  that  there  is  no  unique  way  to  join  a set  of  randomly 
distributed  points  to  form  triangles.  Thus,  different  sets  of  triangles  will 
result  in  different  contours.  Also,  any  of  several  different  methods  can  be 
used  to  draw  smooth  curves  through  the  common  z-value  points  found  by 
interpolation  and,  generally  speaking,  each  different  method  will  result  in  a 
slightly  different  set  of  contours. 

In  the  surface  fitting  approach,  all  of  the  ambiguity  is 
concentrated  in  the  surface  fitting  algorithm  since,  once  a smooth  surface  is 
obtained,  the  contours  are  unique. ^ 

The  number  of  ways  a smooth  surface  can  be  fitted  to  a randomly 
distributed  cet  of  z-values  is  virtually  unlimited.  Some  common  methods 
employ  splined  cubic  functions  while  others  adopt  an  iterative  approach  in 
which  the  surface  is  contrained  by  some  simple  partial  differential  equation 
(Poisson's  equation,  the  biharmonic  equation).  Even  with  a given  method,  the 
resulting  surface  and,  hence,  the  contours  depend  upon  the  exact  manner  in 
which  the  algorithm  is  applied.  For  example,  one  method  of  fitting  a splined 
cubic  function  involves  the  initial  formation  of  a triangular  net,  as  in  the 
linear  interpolation  scheme  described  earlier.  Since  the  polygon  formed  in 
the  (x,y)  plane  must  be  convex  in  this  method,  one  must  usually  supply 
additional  data  points  to  accomplish  this,  and  since  these  points  must 
themselves  be  determined  by  some  method  of  interpolation  or  extrapolation,  and 
additional  uncertainty  is  introduced  into  the  final  contour  map.  Actual 
computer  runs  show  that  such  themes  tend  to  produce  questionable  edge  effects 
which  depend  upon  the  exact  choice  made  for  assinging  z-values  to  the  extra 
points. 


Another  important  consideration  that  enters  into  the 
surface-fitting  problem  is  the  extent  to  which  the  final  surface  actually 
coincides  with  the  original  data  points.  Many  techniques  of  smoothing 


^Actually,  one  may  view  the  triangle  method  as  a crude  surface  fit  which 
would  produce  a unique  set  of  linearly  segmented  contours. 
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introduce  departures  from  a perfect  fit  unless  the  algoritha  explicitly 
prevents  this  by  constraining  the  surface  to  pass  through  the  original  points 
as  the  Iteration  proceeds.  Such  departures  may  or  may  not  be  desirable 
depending  on  the  data  and  the  purpose  for  which  the  contours  are  to  be  used. 
For  example,  if,  as  is  often  the  case,  the  existing  data  constitute  a severely 
under-sampled  set,  a smoothed  surface  which  does  not  necessarily  provide  a 
perfect  fit  might  be  more  representative  of  average  trends  than  one  which 
does.  For  example,  a random  sampling  that  happens  to  select  adjacent  high  and 
low  i-values  would  lead  to  unrepresentative  contours  if  the  surface  were 
constrained  to  pass  through  these  points. 


B.1.4  USE  OF  THE  JPL  IMAGE  PROCESSING  LAB 

The  insolation  contour  maps  presented  in  this  report  were  prepared 
using  the  digital  image  processing  facilities  of  the  Image  Processing  Lab  at 
JPL.  The  algorithm  used  generates  gray  level  values  from  the  rehabilitated 
insolation  data  for  each  measuring  station,  and  then  produces  from  these 
weighted  -functions  a discontinuous  gray  level  surface  by  assigning  to  each 
point  on  the  map  a level  equal  to  that  of  the  nearest  data  point.  This 
discontinuous  surface  is  then  spatially  filtered  by  convolution  with  a box 
filter  of  specified  size. 

The  result  of  this  procedure  is  a smooth  surface  for  which  the 
gray  level  corresponds  to  insolation  level,  a value  of  8 kWh/m^-day 
corresponding  to  white,  and  a value  of  0 to  black.  Isoinsolation  contours  are 
then  generated  by  assigning  all  surface  points  having  a given  gray  level  the 
value  of  8 (white),  and  this  is  done  at  intervals  of  0.5  kWh/m^-day. 

The  three  maps  presented  were  generated  by  using  increasingly 
large  box  filters  resulting  in  Increased  amounts  of  smoothing,  the  data  set 
used  for  generation  being  the  same  in  each  case.  The  first  map,  Figure  B-2, 
has  the  least  amount  of  smoothing  and  consequently  corresponds  most  closely  to 
the  original  data.  Conversely,  In  Figure  B-4  the  smoothing  is  considerable, 
and  small  discrepancies  can  be  discerned  by  comparing  the  contour  values  with 
the  d»ta  values  listed  in  Appendix  B,  Section  B.2.  Thus,  the  three  different 
provide  a visual  indication  of  the  effect  of  different  degrees  of 
MBCotilng  applied  to  the  same  data,  and  serve  as  a guide  in  assessing  the 
effects  of  different  surface  generating  algorithms* 
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B.2.  MONTHLY  AVERAGE  INSOLATION  AND  TEMPERATURE  DATA8  for  233 
WEATHER  STATIONS1* 


^Temperature  Is  in  <>F,  Insolation  is  in  Langleys/day,  Elevation  is  in  ft 
^Source:  Cinquemani,  et  al,  1978. 
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2.5 
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0.7 
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31.5 

327.0 
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47.3 
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50.0 
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33.6 

128.6 

40.7 

132.7 
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22.1 

55.3 

34.8 

56.0 

Dec 

11.7 

24.7 

29.9 

26.3 

Ann 

33.2 
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40.7 
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Alaska 
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46.7 

-15.2 

133.1 

11.4 

200.3 

1.5 

167.0 

-0.9 

284.9 

24.5 

325.6 

20.5 

333.2 

19.1 

309.2 

40.1 

394.2 

41.7 

460.8 

33.0 

414.3 

51.6 

411.9 

56.2 

503.8 

38.7 

395.8 

54.7 

349.8 

57.9 

423.9 

37.6 

232.1 

52.3 

249.5 

51.9 

291.6 

30.3 

112.4 

45.0 

190.1 

40.0 

182.3 

15.3 

34.1 

30.2 

100.5 

20.0 

68.4 

-0.5 

1.0 

17.2 

36.7 

-1.4 

10.9 

-12.3 

0.0 

4.4 

13.2 

-12.2 

0.0 

9.3 

161.4 

28.7 

198.7 

21.3 

207.6 

Alaska 

Alaska 

Alaska 

Gulkana 

Hoaer 

Juneau 

6209N 

5938N 

582  2N 

14527W 

15130W 

13435W 

481 

22 

7 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

T75 

19.  i 

21.4 

3^.6 

23.5 

31.5 

3.9 

77.7 

24.9 

90.6 

28.0 

76.6 

14.5 

205.5 

27.6 

206.0 

31.9 

165.5 

30.2 

353.8 

35.0 

338.6 

38.9 

283.7 

43.8 

437.8 

42.3 

429.3 

46.8 

350.3 

54.2 

476.8 

48.7 

474.8 

53.2 

383.7 

56.9 

437.3 

52.3 

433.5 

55.7 

346.7 

53.2 

339.4 

52.4 

322.4 

54.3 

267.0 

43.6 

215.6 

47.0 

214.7 

49.2 

173.3 

26.8 

105.8 

37.4 

118.6 

41.8 

86.9 

6.1 

31.5 

28.2 

47.6 

32.5 

40.3 

-5.1 

7.7 

21.4 

17.4 

27.3 

16.8 

26.8 

225.7 

36.5 

227.2 

40.3 

185.2 

Alaska 

Alaska 

Alaska 

Kotzebue 

McGrath 

Nome 

6652N 

6258N 

6430N 

16238W 

15537W 

16526W 

5 

103 

7 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

rTT7 

— o 

-8.9 

15.7 

“O 

8.1 

-4.3 

44.5 

-0.2 

70.1 

5.2 

60.7 

-0.5 

161.2 

8.9 

187.9 

7.4 

171.2 

13.0 

320.4 

26.5 

322.2 

18.9 

321.6 

30.8 

445.6 

44.1 

403.7 

34.8 

426.7 

43.5 

498.2 

55.7 

430.4 

45.5 

475.6 

52.9 

414.6 

58.2 

374.2 

50.1 

383.6 

50.7 

283.3 

53.5 

276.4 

49.2 

269.3 

41.1 

175.9 

43.8 

188.5 

42.1 

182.6 

23.6 

69.5 

25.3 

86.0 

28.5 

83.0 

7.7 

8.9 

5.0 

27.2 

15.6 

17.6 

-3.9 

0.0 

-9.2 

5.3 

4.4 

0.8 

20.9 

202.0 

25.2 

199.0 

25.6 

200.1 

B— 1 1 


STATE: 

STATION: 


Alaska 

Summit 


Alaska 

Yakutat 


Alabaaa 
Burn Ingham 


Alabama 
Mol  lie 


Alabaaa 
Montgomery 


LATITUDE: 

LONGITUDE: 

ELEVATION: 

MONTH 

6320N 

14908W 

733 

TEMP 

INSLN 

5931N 

13940W 

9 

TEMP 

INSLN 

3334N 
864  5W 
192 
TEMP 

INSLN 

304. N 
8815W 
67 

TEMP 

INSLN 

3218N 

8624W 

62 

TEMP 

INSLN 

Jan 

1.6 

15.2 

24.2 

“5772 

44.2 

191.7 

51.2 

750 

4?. 4 

id3  .* 

Feb 

6.6 

68.0 

28.0 

72.0 

46.9 

262.3 

54.0 

298.3 

50.6 

274.8 

Mar 

11.2 

189.3 

30.3 

169.1 

53.3 

351.6 

59.4 

381.8 

56.5 

363.6 

Apr 

23.5 

336.2 

36.1 

285.0 

63.2 

453.9 

67.9 

467.0 

65.2 

469.0 

May 

37.4 

442.9 

43.3 

343.8 

70.5 

503.7 

74.8 

507.8 

72.4 

514.7 

Jun 

49.0 

442.9 

49.7 

364.7 

77.4 

520.4 

80.3 

506.8 

78.9 

535.0 

Jul 

52.0 

382.8 

53.4 

327.5 

79.9 

490.9 

81.6 

465.3 

81.0 

499.4 

Aug 

48.6 

283.0 

52.9 

255.6 

79.2 

467.6 

81.5 

445.2 

80.7 

473.5 

Sep 

39.9 

190.8 

48.4 

172.1 

73.9 

394.6 

77.5 

393.1 

76.0 

398.1 

Oct 

24.0 

93.4 

40.7 

93.5 

63.3 

328.4 

68.9 

352.3 

65.8 

342.2 

Nov 

9.7 

29.0 

32.2  1 

36.7 

52.1 

232.7 

58.5 

259.1 

55.0 

248.3 

Dec 

2.9 

4.5 

26.7 

13.9 

45.2 

179.4 

52.9 

205.9 

48.5 

195.1 

Ann 

25.5 

206.5 

38.8 

180.1 

62.4 

364.7 

67.4 

375.6 

64.8 

376.5 

STATE: 

Arkansas 

Arkansas 

Arizona 

Arizona 

Arizona 

STATION: 

Fort  Smith 

Little 

Rock 

Phoenix 

Prescott 

Tucson 

LATITUDE: 

3520N 

3444N 

3326N 

3439N 

3207N 

LONGITUDE : 

9422W 

9214W 

U201W 

U226W 

1 1056W 

ELEVATION: 

141 

81 

339 

1531 

779 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

TO 

26i.) 

7575 

19*.  4 

51.2 

211.0 

37.1 

2M.6 

"5579 

298.1 

Feb 

43.3 

271.0 

42.9 

272.0 

55.1 

372.7 

40.5 

362.1 

53.5 

388.4 

Mar 

50.3 

355.8 

50.3 

356.1 

59.7 

492.1 

44.3 

482.0 

57.6 

505.7 

Apr 

62.2 

438.3 

61.7 

436.9 

67.7 

638.7 

52.0 

617.1 

65.5 

641.0 

May 

70.1 

518.6 

69.8 

523.3 

76.3 

726.0 

60.4 

713.1 

73.6 

724.6 

Jun 

78.0 

566.8 

78.1 

571.4 

84.6 

743.0 

69.1 

749.2 

82.1 

740.4 

Jul 

82.2 

560.2 

81.4 

551.2 

91.2 

674.5 

75.5 

626.4 

86.3 

635.0 

Aug 

81.4 

509.2 

80.6 

504.7 

89.1 

621.9 

73.0 

567.4 

83.8 

592.1 

Sep 

74.0 

407.3 

73.: 

411.8 

83.8 

546.7 

68.1 

530.2 

80.1 

536.7 

Oct 

63.2 

325.7 

62.4 

333.2 

72.2 

427.6 

57.2 

418.5 

70.1 

434.5 

Nov 

50.4 

231.0 

50.3 

229.8 

59.8 

312.1 

45.8 

309.2 

58.5 

327.8 

Dec 

41.5 

184.9 

41.6 

182.7 

52.5 

252.8 

38.6 

251.4 

52.0 

270.1 

Ann 

61.3 

380.9 

61.0 

381.0 

70.3 

507.1 

55.1 

491.8 

67.8 

507.9 

STATE: 

Arizona 

Arizona 

California 

California 

California 

STATION: 

Winslow 

Yuma 

Areata 

Bakersfield 

China  Lake 

LATITUDE: 

3501N 

3240N 

4059N 

3525N 

3541N 

LONGITUDE : 

11044W 

11436W 

12406W 

11903N 

11741N 

ELEVATION: 

1488 

63 

69 

150 

681 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

7375 

257.1 

55.4 

247.3 

0.0 

143.4 

4773"" 

7S77? 

0.6 

TTS7T 

Feb 

39.1 

359.9 

59.4 

391.5 

0.0 

215.1 

52.4 

298.9 

0.0 

333.5 

Mar 

44.8 

482.8 

63.9 

520.6 

0.0 

307.3 

56.6 

432.6 

0.0 

470.6 

Apr 

53.7 

619.3 

71.2 

654.5 

0.0 

430.4 

62.7 

568.2 

0.0 

605.8 

May 

62.7 

703.8 

78.7 

740.0 

0.0 

499.8 

69.8 

680.6 

0.0 

691.3 

Jun 

71.8 

735.5 

85.8 

763.3 

0.0 

532.1 

76.9 

745.7 

0.0 

745.1 

Jul 

78.3 

636.6 

93.7 

665.5 

0.0 

490.3 

83.9 

727.9 

0.0 

708.6 

Aug 

76.1 

580.6 

92.8 

631.8 

0.0 

428.4 

81.6 

656.6 

0.0 

709.6 

Sep 

69.5 

522.9 

87.1 

556.3 

0.0 

364.1 

76.6 

540.3 

0.0 

537.0 

Oct 

57.3 

410.3 

75.9 

440.2 

0.0 

253.8 

66.9 

395.6 

0.0 

399.4 

Nov 

43.2 

303.6 

63.5 

329.5 

0.0 

160.8 

56.0 

255.6 

0.0 

280.4 

Dec 

33.8 

242.6 

56.3 

271.3 

0.0 

127.4 

47.9 

183.7 

0.0 

228.1 

Ann 

55.3 

488.8 

73.7 

521.8 

0.0 

329.4 

64.9 

474.5 

0.0 

496.3 
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STATE : 

California 

California 

California 

California 

California 

STATION: 

Daggett 

El  Toro 

Fresno 

Long  Beach 

Los  Angeles 

LATITUDE : 

3452N 

3340N 

3646N 

3349N 

3356N 

LONGITUDE : 

11647W 

11744W 

11943W 

11809W 

11824W 

ELEVATION: 

S88 

116 

100 

17 

32 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

7775 

75TT 

0.6 

45.3 

17877 

TO 

ttttt 

TS75 

TTTT 

Feb 

52.0 

347.4 

0.0 

335.3 

49.9 

274.6 

55.5 

329.6 

55.6 

329.3 

Mar 

56.7 

480.7 

0.0 

436.8 

53.9 

424.7 

57.2 

436.7 

56.5 

439.1 

Apr 

64.3 

616.8 

0.0 

523.1 

60.3 

567.6 

60.6 

525.6 

58.8 

529.2 

May 

72.3 

702.8 

0.0 

561.5 

67.4 

673.7 

64.1 

560.0 

61.9 

558.7 

Jun 

80.1 

750.3 

0.0 

595.1 

73.9 

741.3 

67.3 

580.4 

64.5 

574.8 

Jul 

87.3 

706.2 

0.0 

641.1 

80.6 

728.3 

72.2 

623.8 

68.5 

625.9 

Aug 

85.5 

646.3 

0.0 

584.5 

78.3 

657.3 

73.3 

569.6 

69.5 

564.1 

Sep 

79.2 

544.6 

0.0 

471.2 

73.8 

538.5 

71.8 

461.4 

68.7 

456.1 

Oct 

68.1 

411.1 

0.0 

368.0 

64.2 

387.7 

66.9 

359.8 

65.2 

357.2 

Nov 

55.5 

294.3 

0.0 

278.4 

53.5 

241.0 

60.6 

272.2 

60.5 

272.3 

Dec 

48.0 

237.6 

0.0 

235.8 

45.8 

155.7 

55.5 

229.7 

56.9 

230.2 

Ann 

66.4 

499.9 

0.0 

440.6 

•62.3 

464.1 

63.3 

433.4 

61.7 

432.3 

STATE: 

California 

California 

California 

California 

California 

STATION: 

Mt . Shasta 

Needles 

Oakland 

Pt.  Mugu 

Red  Bluff 

LATITUDE: 

4119N 

3446N 

3744N 

3407N 

4009N 

LONGITUDE : 

12219W 

11437W 

12212W 

11907W 

12215W 

ELEVATION: 

1093 

270 

2 

4 

108 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

33.6 

157.1 

51.6 

"26771 

48.6 

192.0 

0.0 

251.5 

45.2 

154.) 

Feb 

37.8 

232.6 

56.5 

367.1 

51.9 

276.0 

0.0 

330.9 

50.0 

242.1 

Mar 

40.4 

339.1 

61.6 

495.1 

53.7 

395.0 

0.0 

443.7 

53.2 

367.3 

Apr 

46.3 

476.3 

70.4 

628.5 

56.1 

521.4 

0.0 

529.2 

59.5 

518.1 

May 

53.3 

592.9 

79.6 

719.3 

58.9 

599.8 

0.0 

547.4 

67.4 

644.2 

Jun 

60.0 

660.8 

88.3 

757.1 

61.9 

637.4 

0.0 

557.3 

75.5 

705.2 

Jul 

67.8 

699.1 

95.4 

689.3 

63.1 

630.0 

0.0 

574.6 

82.3 

724.7 

Aug 

66.0 

600.3 

93.3 

617.8 

63.5 

556.8 

0.0 

524.8 

79.9 

626.8 

Sep 

61.2 

470.7 

86.9 

546.4 

64.5 

461.4 

0.0 

436.1 

75.3 

500.5 

Oct 

51.4 

313.3 

74.3 

417.0 

61.1 

328.8 

0.0 

351.6 

65.0 

333.0 

Nov 

41.7 

178.8 

60.7 

304.8 

55.3 

223.0 

0.0 

273.0 

53.7 

191.6 

Dec 

35.5 

137.0 

52.7 

247.7 

49.9 

175.5 

0.0 

232.2 

46.4 

138.5 

Ann 

49.6 

404.4 

72.6 

504.8 

57.4 

416.4 

0.0 

421.0 

62.8 

428.9 

STATE: 

California 

California 

California 

California 

California 

STATION: 

Sacramento 

San  Diego 

San  Francisco 

Santa  Marla 

Sunnyvale 

LATITUDE: 

3831N 

3244N 

3737N 

3454N 

3725N 

LONGITUDE : 

12130W 

11710W 

12223W 

12027W 

12204W 

ELEVATION: 

8 

9 

5 

72 

12 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

4*.l 

1 6 i . § 

5T.2 

264.7 

40 

191.4 

50.5 

231.6 

0.0 

200.1 

Feb 

49.8 

254.8 

56.7 

343.5 

51.2 

273.8 

52.0 

309.5 

0.0 

281.4 

Mar 

53.0 

395.6 

58.0 

442.6 

53.0 

394.7 

:,i . 8 

429.1 

0.0 

402.9 

Apr 

58.3 

543.5 

60.7 

525.3 

55.3 

520.8 

54.9 

521.1 

0.0 

527.2 

May 

64.3 

660.4 

63.3 

543.3 

58.3 

603.7 

57.1 

580.6 

0.0 

617.6 

Jun 

70.5 

728.0 

65.5 

559.4 

61.6 

644.7 

59.6 

637.0 

0.0 

665.3 

Jul 

75.2 

729.1 

69.6 

593.1 

62.5 

648.7 

62.1 

635.0 

0.0 

662.2 

Aug 

74.1 

642.4 

71.4 

558.0 

63.0 

574.1 

62.3 

571.2 

0.0 

587.8 

Sep 

71.5 

517.2 

69.9 

465.8 

64.1 

472.5 

62.6 

469.3 

0.0 

477.3 

Oct 

63.3 

356.7 

66.1 

372.5 

61.0 

332.6 

60.4 

367.1 

0.0 

338.6 

Nov 

53.0 

212.1 

60.8 

288.2 

55.3 

222.8 

56.1 

264.1 

0.0 

228.7 

Dec 

45.8 

146.0 

56.7 

245.1 

49.7 

174.2 

51.8 

218.0 

0.0 

179.1 

Ann 

60.3 

445.6 

62.9 

433.5 

56.9 

421.2 

56.9 

436.1 

0.0 

430.7 

B-13 
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STATE: 

Colorado 

STATION : 

Colo. 

Springs 

LATITUDE: 

3849N 

LONGITUDE: 

10443N 

ELEVATION; 

1881 

MONTH 

TEMP 

INSLN 

Jan 

28.6 

241.6 

Feb 

31.3 

319.6 

Mar 

35.3 

420.4 

Apr 

46.2 

523.8 

May 

55.5 

577.4 

Jun 

64.6 

642.5 

Jul 

70.7 

600.0 

Aug 

69.1 

549.4 

Sep 

60.9 

477.2 

Oct 

50.5 

368.5 

Nov 

37.5 

256.1 

Dec 

31.0 

212.1 

Ann 

48.4 

432.4 

STATE: 

Connecticut 

STATION: 

Hartford 

LATITUDE: 

4156N 

LONGITUDE: 

7241W 

ELEVATION: 

55 

MONTH 

TEMP 

INSLN 

Jan 

TO 

124.5 

Feb 

26.8 

193.9 

Mar 

35.6 

265.4 

Apr 

47.7 

356.7 

May 

58.3 

425.5 

Jun 

67.8 

457.2 

Jul 

72.7 

447.3 

Aug 

70.4 

385.6 

Sep 

62.8 

313.1 

Oct 

52.6 

231.3 

Nov 

41.3 

134.9 

Dec 

28.2 

104.4 

Ann 

49.1 

287.1 

STATE: 

Florida 

STATION: 

Daytona  Beach 

LATITUDE: 

2911N 

LONGITUDE : 

8103W 

ELEVATION: 

12 

MONTH 

TEMP 

INSLN 

Jan 

WT~ 

266.00 

Feb 

59.6 

329.0 

Mar 

63.9 

419.9 

Apr 

69.7 

511.0 

May 

75.0 

533.8 

Jun 

79.4 

495.3 

Jul 

81.0 

483.9 

Aug 

81.1 

456.2 

Sep 

79.5 

400.8 

Oct 

73.3 

339.4 

Nov 

65.1 

280.9 

Dec 

59.6 

236.1 

Ann 

70.5 

395.5 

Colorado  Colorado 


Denver 

Eagle 

394  5N 

3939N 

10452W 

10655W 

1625 

1985 

TEMP 

INSLN 

TEMP 

INSLN 

7975 

7TO 

TO” 

204.6 

32.8 

305.7 

23.3 

292.4 

37.0 

415.1 

31.1 

407.3 

47.5 

509.8 

41.9 

524.2 

57.0 

579.1 

51.3 

611.7 

66.0 

637.6 

58.9 

680.5 

73.0 

616.4 

65.9 

646.8 

71.6 

554.4 

63.7 

565.2 

62.8 

468.4 

55.6 

479.2 

52.0 

352.7 

44.8 

354.6 

39.4 

239.7 

30.9 

235.6 

32.6 

198.5 

20.3 

187.4 

50.1 

425.4 

42.2 

432.5 

Cuba 

Dlst . 

of  Col. 

Guantanamo 

Wash . - 

Sterling 

1954N 

3857N 

7509W 

7727W 

16 

88 

TEMP 

INSLN 

TEMP 

INSLN 

' 6.6 

380.6 

TTr~ 

155.2 

0.0 

447.0 

33.8 

221.2 

0.0 

522.5 

41.8 

305.2 

0.0 

575.0 

53.1 

395.7 

0.0 

552.7 

62.6 

466.0 

0.0 

531.9 

71.1 

515.6 

0.0 

564.8 

75.3 

493.0 

0.0 

543.2 

73.6 

438.7 

0.0 

494.7 

66.9 

363.5 

0.0 

429.8 

55.9 

272.3 

0.0 

388.4 

44.7 

176.6 

0.0 

356.1 

34.0 

130.5 

0.0 

482.2 

53.7 

327.8 

Florida  Florida 


Jacksonville  Miami 


3030N 

8142W 

9 

TEMP 

INSLN 

2548N 

8016W 

2 

TEMP 

INSLN 

54.6 

244.1 

3775 

286.8 

56.3 

315.8 

67.8 

356.4 

61.2 

412.8 

71.3 

434.9 

68.1 

503.3 

75.0 

504.3 

74.3 

530.6 

78.0 

500.1 

79.2 

511.4 

81.0 

463.3 

81.0 

488.8 

82.3 

478.3 

81.0 

459.5 

82.9 

442.1 

78.2 

391.2 

81.7 

395.0 

70.5 

331.8 

77.8 

353.3 

61.2 

270.1 

72.2 

303.4 

55.4 

221.8 

68.3 

276.4 

68.4 

390.1 

75.5 

399.5 

Colorado 

Colorado 

Grd.  Junction 

Pueblo 

3907N 

381 7N 

10832W 

10431W 

1475 

1439 

TEMP 

INSLN 

TEMP 

INSLN 

TO 

2l4.6 

wrr~ 

750 

33.6 

303.5 

34.7 

317.8 

41.2 

421.4 

40.0 

424.2 

51.7 

538.8 

51.7 

530.5 

62.2 

645.5 

61.1 

586.6 

71.3 

704.8 

70.7 

660.3 

78.7 

668.7 

76.4 

627.0 

75.4 

591.8 

74.5 

570.1 

67.2 

497.6 

66.2 

482.7 

54.9 

364.8 

54.5 

369.1 

39.8 

249.0 

40.8 

258.7 

29.5 

198.4 

33.0 

212.2 

52.7 

449.9 

52.8 

440.2 

Delaware 

Florida 

Ullmlngton 

Apalachicola 

3940N 

2944N 

7536W 

8502W 

24 

6 

TEMP 

INSLN 

TEMP 

INSLN 

75To 

730 

3577 

75T75 

33.6 

224.3 

55.8 

305.4 

41.6 

311.7 

60.7 

399.8 

52.3 

401.5 

68.3 

509.7 

62.4 

463.9 

74.9 

567.1 

71.4 

510.6 

80.0 

542.0 

75.8 

494.4 

81.4 

491.9 

74.1 

438.0 

81.5 

457.7 

67.9 

357.4 

78.6 

416.5 

57.2 

266.9 

70.8 

372.0 

45.7 

174.8 

61.1 

282.1 

34.7 

132.5 

55.2 

221.8 

54.0 

327.6 

68.5 

399.8 

Florida 

Florida 

Orlando 

Tallahassee 

283  3N 

302  3N 

8120W 

8422W 

36 

21 

TEMP 

INSLN 

TEMP 

INSLN 

T77 T" 

271.1 

30 

750 

01.5 

337.3 

54.8 

308.6 

65.9 

429.2 

60.3 

401.3 

71.3 

514.8 

67.9 

494.5 

76.4 

539.5 

74.8 

525.1 

80.2 

496.7 

80.0 

510.7 

81.4 

488.6 

81.1 

474.2 

81.8 

453.8 

81.1 

454.4 

80.1 

406.0 

78.1 

405.0 

74.3 

353.8 

69.3 

357.4 

66.6 

297.3 

58.9 

273.5 

61.5 

251.2 

53.2 

220.5 

71.8 

403.3 

67.7 

388.6 

B-14 


------  - — - - --  — - - - 


STATE: 

STATION: 

LATITUDE: 

LONGITUDE : 

ELEVATION: 

MONTH 

Florida 

Tampa 

2758N 

8232W 

3 

TEMP  INSLN 

Florida 
W.  Palm  Beach 
2641N 
8006W 
6 

TEMP  INSLN 

Georgia 

Atlanta 

3339N 

8426W 

315 

TEMP  INSLN 

Georgia 

Augusta 

3322N 

8158W 

45 

TEMP  INSLN 

Georgia 

Macon 

3242N 

8339W 

110 

TEMP  INSLN 

Jan 

60.4 

274TT 

6575 

571.5 

194.6 

4578 

203.7 

47.8 

208.6 

Feb 

61.8 

341.6 

66.1 

334.4 

45.0 

262.8 

48.3 

275.4 

50.4 

276.6 

Mar 

66.0 

432.3 

69.8 

422.1 

51.1 

353.6 

54.6 

363.0 

56.5 

369.8 

Apr 

72.0 

517.7 

73.9 

492.2 

61.1 

457.4 

63.8 

468.8 

65.8 

470.9 

May 

77.2 

542.0 

77.5 

500.3 

69.1 

502.8 

71.7 

505.9 

73.5 

511.3 

Jun 

81.0 

501.1 

80.5 

462.8 

75.6 

519.1 

78.2 

516.4 

79.6 

520.6 

Jul 

81.9 

475.4 

81.9 

482.5 

78.0 

491.5 

80.4 

489.2 

81.4 

484.2 

Aug 

82.2 

448.4 

82.3 

451.2 

77.5 

463.4 

79.6 

452.2 

80.9 

465.9 

Sep 

80.8 

404.7 

81.5 

384.8 

72.3 

385.7 

74.2 

382.4 

75.8 

390.3 

Oct 

74.7 

365.2 

77.2 

332.0 

62.4 

325.5 

64.1 

330.8 

65.7 

338.3 

Nov 

66.8 

300.5 

71.0 

287.5 

51.4 

239.5 

53.7 

248.6 

55.2 

254.9 

Dec 

61.6 

253.7 

66.8 

259.9 

43.5 

182.9 

46.4 

195.6 

48.3 

197.7 

Ann 

72.2 

404.7 

74.5 

390.1 

60.8 

364.9 

63.4 

369.3 

65.1 

374.1 

STATE: 

Georgia 

Hawaii 

Hawaii 

Hawaii 

Hawaii 

STATION: 

Savannah 

Barbers  Point 

Hilo 

Honolulu 

Li  hue 

LATITUDE : 

3208N 

2119N 

1943N 

2120N 

2159N 

LONGITUDE : 

8112W 

15804W 

15504W 

15755W 

15921W 

ELEVATION: 

16 

10 

11 

5 

45 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

Try- 

215.6 

0.6 

327.6, 

71.2 

“5o5TT 

72.3 

320.0 

71.2 

299.2 

Feb 

52. i 

283.1 

0.0 

390.9 

71.0 

338.0 

72.3 

378.8 

71.2 

352.5 

Mar 

58.0 

379.3 

0.0 

446.2 

71.1 

365.8 

73.0 

439.9 

71.7 

400.2 

Apr 

66.1 

477.8 

0.0 

497.3 

72.2 

389.2 

74.8 

487.1 

73.3 

445.0 

May 

73.3 

502.4 

0.0 

535.0 

73.5 

421.2 

76.9 

528.8 

75.5 

494.7 

Jun 

79.1 

500.3 

0.0 

549.1 

74.6 

449.9 

78.9 

543.7 

77.5 

506.6 

Jul 

81.1 

483.8 

0.0 

547.4 

75.3 

440.6 

80.1 

543.1 

78.4 

505.2 

Aug 

80.6 

439.7 

0.0 

534.7 

75.9 

431.9 

80.7 

533.4 

79.1 

493.2 

Sep 

76.2 

369.9 

0.0 

492.2 

75.6 

419.6 

80.4 

491.0 

78.8 

472.6 

Oct 

67.1 

330.0 

0.0 

421.7 

75.0 

372.2 

78.9 

417.8 

77.3 

393.1 

Nov 

57.1 

255.3 

0.0 

352.5 

73.5 

299.7 

76.5 

343.4 

75.2 

313.1 

Dec 

50.4 

204.4 

0.0 

316.2 

71.6 

276.5 

73.7 

307.2 

72.5 

285.6 

Ann 

65.9 

370.1 

0.0 

450.9 

73.4 

375.7 

76.6 

444.5 

75.1 

413.4 

STATE: 

Iowa 

Iowa 

Iowa 

Iowa 

Idaho 

STATION: 

Burl Ington 

Des  Moines 

Mason  City 

Sioux  City 

Boise 

LATITUDE : 

404  7N 

4132N 

4309N 

4224N 

4334N 

LONGITUDE : 

9107W 

9339W 

4224W 

962  3U 

11613W 

ELEVATION: 

214 

294 

336 

336 

874 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

tht 

157.1 

1775“ 

157.5' 

TO- 

150.1 

TO- 

■'T50 

29.0 

131.6 

Feb 

27.3 

232.9 

24.2 

233.5 

18.5 

226.8 

23.4 

228.3 

35.5 

227.8 

Mar 

36.9 

316.0 

33.9 

320.2 

29.0 

316.8 

33.2 

317.5 

41.1 

353.7 

Apr 

51.3 

417.2 

49.5 

422.2 

45.7 

411.9 

49.4 

428.0 

49.0 

495.5 

May 

61.8 

508.7 

60.9 

506.5 

57.4 

514.1 

60.9 

515.7 

57.4 

617.5 

Jun 

71.4 

575.3 

70.5 

576.3 

67.2 

573.4 

70.3 

576.0 

64.8 

668.1 

Jul 

75.4 

565.5 

75.1 

568.7 

71.3 

565.3 

75.3 

575.6 

74.5 

708.7 

Aug 

73.9 

495.9 

73.3 

495.8 

69.9 

497.1 

73.5 

500.5 

72.2 

595.8 

Sep 

65.4 

384.2 

64.3 

388.9 

60.2 

381.2 

63.4 

385.5 

63.1 

471.2 

Oct 

55.3 

287.7 

54.3 

289.6 

50.5 

274.1 

53.1 

281.6 

52.1 

308.6 

Nov 

39.8 

180.0 

37.8 

178.6 

33.6 

162.7 

36.3 

174.3 

39.8 

170.4 

Dec 

27.6 

130.4 

25.0 

132.1 

20.1 

120.2 

23.5 

127.3 

32.1 

118.6 

Ann 

50.8 

354.3 

49.0 

355.8 

44.8 

349.5 

48.4 

355.4 

50.9 

405.6 

STATE: 

Idaho 

Idaho 

Illinois 

Illinois 

Illinois 

STATION: 

Lewiston 

Pocatello 

Chicago 

Moline 

Springfield 

LATITUDE: 

462  3N 

4255N 

4147N 

4127N 

39S0N 

LONGITUDE : 

11701W 

11236W 

8745V 

9031V 

8940V 

ELEVATION: 

438 

1365 

190 

181 

187 

MONTH 

TEMP 

1NSLN 

TEMP 

INSLN 

TEMP 

INSLN 

INSLN 

TEMP 

INSLN 

Jan 

92.1 

50 

TO 

Fab 

38.1 

16S.2 

29.4 

239.2 

27.4 

206.0 

25.7 

220.2 

30.4 

233.5 

Mar 

42.9 

276.6 

35.4 

372.0 

36.8 

300.2 

35.7 

303.4 

39.4 

310.0 

Apr 

50.3 

389.2 

45.3 

493.8 

49.9 

395.7 

50.6 

395.9 

53.1 

410.9 

May 

58.1 

499.8 

54.4 

618.5 

60.0 

485.2 

61.1 

475.7 

63.4 

506.0 

Jan 

65.0 

546.5 

61.8 

672.6 

70.5 

544.4 

70.8 

534.2 

72.9 

568.7 

Jul 

73.4 

633.6 

71.5 

705.2 

74.7 

527.2 

74.5 

525.8 

76.1 

558.3 

Aug 

71.5 

523.9 

69.5 

607.4 

73.7 

466.4 

72.9 

465.1 

74.4 

489.8 

Sap 

63.3 

389.1 

59.4 

479.9 

65.9 

367.2 

64.6 

368.1 

67.2 

394.4 

Oct 

51.8 

233.2 

48.4 

326.4 

55.4 

262.8 

54.4 

270.1 

56.6 

289.8 

Nov 

40.5 

112.0 

35.7 

186.8 

40.4 

153.4 

39.2 

161.3 

41.9 

183.5 

Dac 

34.8 

77.6 

26.9 

129.4 

28.5 

108.9 

26.6 

117.4 

30.5 

132.9 

Ann 

51.7 

328.2 

46.7 

414.8 

50.6 

329.6 

49.8 

331.9 

52.7 

353.0 

STATE: 

Indiana 

Indiana 

Indiana 

Indiana 

Kansas 

STATION: 

Evansville 

Ft.  Wayne 

Indianapolis 

South 

Bend 

Dodge  City 

LATITUDE: 

3803N 

4100N 

4142N 

4142N 

3746N 

LONGITUDE: 

8732W 

8512W 

8619V 

8619W 

9958V 

ELEVATION: 

118 

252 

236 

236 

787 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

TT7Z 

155.7 

25.  i 

Tin 

27.9 

24.0 

112.8 

30.8 

224.2 

Feb 

35.9 

223.3 

27.6 

189.2 

30.7 

202.6 

26.3 

178.9 

35.2 

304.3 

Mar 

44.3 

312.2 

36.5 

266.4 

39.7 

281.4 

35.3 

269.2 

41.2 

400.5 

Apr 

56.7 

407.1 

49.3 

369.1 

52.3 

379.3 

48.1 

376.3 

54.0 

511.5 

May 

65.7 

483.6 

59.6 

453.5 

62.2 

457.9 

58.4 

467.2 

64.0 

566.8 

Jun 

74.7 

537.8 

69.5 

499.5 

71.7 

506.7 

68.6 

521.3 

73.7 

639.7 

Jul 

77.8 

520.9 

73.0 

484.7 

75.0 

490.0 

72.3 

502.5 

79.2 

622.6 

Aug 

76.2 

470.6 

71.3 

432.5 

73.2 

445.8 

71.0 

452.0 

78.1 

557.5 

Sep 

69.1 

380.6 

64.5 

345.5 

66.3 

359.1 

63.8 

350.3 

68.9 

457.5 

Oct 

58.2 

294.8 

53.6 

250.7 

55.7 

265.0 

53.4 

246.6 

57.9 

352.8 

Nov 

44.9 

185.1 

40.2 

140.1 

41.7 

157.1 

39.6 

134.8 

42.8 

242.4 

Dec 

35.3 

135.3 

28.6 

100.2 

30.9 

113.0 

28.2 

92.3 

33.4 

198.5 

Ann 

56.0 

342.3 

49.9 

304.5 

52.3 

316.0 

49.1 

306.7 

54.9 

423.2 

STATE : 

Kansas 

Kansas 

Kansas 

Kentucky 

Kentucky 

STATION: 

Good land 

Topeka 

Wichita 

Lexington 

Louisville 

LATITUDE: 

392  2N 

3904N 

3739N 

3802N 

381  IN 

LONGITUDE: 

10142V 

9538W 

9725W 

8436V 

8544W 

ELEVATION: 

1124 

270 

408 

301 

149 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

27.6 

26.0 

184.2 

3 1.3 

TO 

33.  i 

Feb 

31.5 

286.4 

33.4 

255.2 

36.3 

287.0 

35.3 

211.4 

35.8 

214.1 

Mar 

36.3 

386.2 

41.2 

340.9 

43.6 

361.2 

43.6 

298.2 

44.0 

298.9 

Apr 

48.7 

496.2 

54.5 

445.3 

56.6 

483.5 

55.3 

401.2 

55.9 

397.8 

May 

58.9 

559.2 

64.5 

519.6 

66.1 

552.2 

64.7 

473.9 

64.8 

466.5 

Jun 

69.1 

639.2 

73.5 

576.8 

75.8 

614.2 

73.0 

514.6 

73.3 

516.3 

Jul 

75.8 

629.2 

78.2 

577.2 

80.7 

607.2 

76.2 

501.9 

76.9 

498.4 

Aug 

74.1 

554.2 

77.2 

518.1 

79.7 

551.1 

75.0 

457.1 

75.9 

455.8 

Sep 

64.3 

445.5 

68.2 

411.3 

70.6 

438.4 

68.6 

369.5 

69.1 

369.2 

Oct 

52.8 

344.0 

57.6 

311.0 

59.6 

339.0 

57.8 

283.2 

58.1 

282.7 

Nov 

38.5 

232.3 

42.9 

209.3 

44.8 

236.2 

44.6 

178.3 

45.0 

177.1 

Dec 

30.1 

188.4 

31.8 

158.3 

34.5 

187.1 

35.5 

131.7 

35.6 

132.3 

Ann 

50.6 

414.6 

54.3 

375.6 

56.6 

407.5 

55.2 

330.8 

55.6 

329.8 

B-16 


STATE: 

STATION: 

LATITUDE: 

LONGITUDE : 

ELEVATION: 

MONTH 

Louisiana 
Bacon  Rouge 
3032N 
9109W 
23 

TEMP  INSLN 

Louisiana 
Lake  Charles 
3007N 
9313W 
3 

TEMP  INSLN 

Louie lana 
New  Orleans 
2959N 
901 5W 
3 

TEMP  INSLN 

Louisiana 

Shreveport 

3228N 

9349W 

79 

TEMP  INSLN 

Massachusetts 

Boston 

4222N 

7102W 

5 

TEMP  INSLN 

Jan 

527j 

52.9 

47.2 

24.2 

Fab 

53.9 

285.9 

55.1 

273.9 

55.6 

301.6 

50.5 

281.7 

30.4 

192.5 

Mar 

59.7 

374.2 

60.3 

356.3 

60.7 

383.7 

56.8 

363.9 

38.1 

275.7 

Apr 

68.4 

456.0 

68.9 

426.0 

68.6 

482.9 

66.4 

437.5 

48.6 

359.6 

May 

74.8 

507.6 

75.2 

501.6 

75.1 

533.7 

73.4 

511.6 

58.6 

439.6 

Jun 

80.3 

522.5 

80.7 

534.4 

80.4 

543.5 

80.2 

560.1 

68.0 

492.9 

Jul 

82.0 

473.5 

82.4 

484.9 

81.9 

491.9 

83.2 

546.3 

73.3 

474.5 

Aug 

81.6 

454.8 

82.2 

449.6 

81.9 

465.6 

83.2 

509.2 

71.3 

403.2 

Sep 

77.5 

397.2 

78.4 

402.8 

78.2 

410.6 

77.4 

421.5 

64.5 

341.7 

Oct 

68.5 

352.9 

70.0 

374.6 

69.8 

362.1 

67.5 

353.6 

55.4 

241.3 

Nov 

58.6 

249.6 

60.2 

248.6 

60.1 

263.8 

56.2 

251.9 

45.2 

136.4 

Dec 

52.9 

199.9 

54.3 

191.4 

54.8 

211.4 

49.2 

198.2 

33.0 

109.3 

Ann 

67.4 

373.9 

68.3 

370.1 

68.3 

389.8 

65.9 

386.8 

51.3 

299.6 

STATE: 

Maryland 

Maryland 

Maine 

Maine 

Maine 

STATION: 

Baltimore 

Patuxent  R. 

Bangor 

Caribou 

Portland 

LATITUDE: 

391  IN 

3817N 

4448N 

4652N 

4339N 

LONCITUDE: 

7640V 

762  5W 

6849V 

680 1W 

7019V 

ELEVATION: 

47 

14 

62 

190 

19 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Tan 

35X  ' 

159.2 

6.7f  ~ 

1^5.0 

O 

i53.'5 

lffT'5 

113.5 

5i . 5 

li2.1 

Feb 

34.8 

227.8 

0.0 

233.8 

0.0 

196.8 

12.9 

196.4 

22.9 

185.0 

Mar 

42.8 

315.2 

0.0 

320.4 

0.0 

296.7 

23.6 

307.4 

31.8 

263.0 

Apr 

53.8 

403.6 

0.0 

417.2 

0.0 

390.7 

36.7 

383.6 

42.7 

353.7 

May 

63.7 

464.9 

0.0 

478.2 

0.0 

469.0 

49.7 

428.0 

52.7 

425.1 

Jun 

72.4 

509.7 

0.0 

513.5 

0.0 

503.7 

59.6 

476.7 

62.2 

464.3 

Jul 

76.6 

494.5 

0.0 

492.8 

0.0 

504.3 

64.9 

478.0 

68.0 

450.0 

Aug 

74.9 

433.9 

0.0 

441.3 

0.0 

437.1 

62.3 

407.1 

66.4 

396.3 

Sep 

68.5 

360.8 

0.0 

368.1 

0.0 

340.3 

54.1 

299.1 

58.7 

314.1 

Oct 

57.4 

270.6 

0.0 

276.9 

0.0 

227.5 

43.8 

186.7 

49.1 

223.1 

Nov 

46.1 

179.1 

0.0 

191.7 

0.0 

127.8 

31.4 

99.4 

38.6 

124.6 

Dec 

35.3 

135.4 

0.0 

145.6 

0.0 

102.7 

16.1 

84.2 

25.7 

98.4 

Ann 

55.0 

329.6 

0.0 

337.0 

0.0 

310.0 

38.8 

288.4 

45.0 

285.0 

STATE: 

Michigan 

Michigan 

Michigan 

Michigan 

Michigan 

STATION: 

Alpena 

Detroit 

Flint 

Grand  Rapids 

Houghton 

LATITUDE: 

4504N 

4225N 

4258N 

4253N 

4710N 

LONGITUDE: 

8334V 

8301V 

8344V 

8531W 

8330V 

ELEVATION: 

210 

191 

233 

245 

329 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

T775 

98.2 

55.5 

11 3.5 

52.3 

103.9 

53.5 

1(36.2 

0.0 

<>6.3 

Feb 

18.3 

167.3 

26.9 

184.6 

23.8 

172.6 

24.5 

175.8 

0.0 

131.3 

Mar 

26.2 

278.9 

35.4 

271.3 

32.6 

259.5 

33.1 

275.1 

0.0 

253.2 

Apr 

40.1 

381.7 

48.1 

379.5 

45.9 

363.2 

46.5 

383.0 

0.0 

370.6 

May 

50.5 

466.6 

58.4 

465.4 

55.8 

449.8 

57.1 

476.1 

0.0 

450.3 

Jun 

60.9 

509.7 

69.1 

506.2 

65.8 

491.8 

67.4 

530.7 

0.0 

498.5 

Jul 

65.5 

511.2 

73.3 

467.8 

69.7 

487.4 

71.5 

519.3 

0.0 

498.5 

Aug 

64.2 

429.5 

71.9 

427.3 

68.2 

421.8 

70.0 

454.7 

0.0 

412.7 

Sep 

56.3 

313.6 

64.5 

339.9 

61.0 

324.3 

62.4 

342.4 

0.0 

274.0 

Oct 

47.3 

201.6 

54.3 

237.6 

51.2 

224.6 

52.0 

232.7 

0.0 

181.9 

Nov 

34.9 

103.6 

41.1 

129.6 

38.3 

116.4 

38.7 

120.9 

0.0 

78.9 

Dec 

23.4 

73.4 

29.6 

93.2 

26.8 

83.8 

27.4 

84.3 

0.0 

52.0 

Ann 

42.1 

294.6 

49.9 

303.8 

46.8 

291.6 

47.8 

307.9 

0.0 

272.3 

B-17 


STATS: 

Mlehlsan 

Mlehlsan 

Minnesota 

Minnesota 

Minnesota 

STATION: 

Sault 

Sta.  M. 

Traversa  City 

Duluth 

lnt'1. 

Palls 

Mlnn/St.Paul 

LATITUDE : 

4628N 

4444N 

46  SOM 

4834N 

44S3N 

LONGITUDE: 

8A22W 

8535W 

9211W 

9323W 

9313V 

ELEVATION: 

221 

192 

432 

361 

255 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

3an 

TO" 

" SO 

20.8 

"TO 

no — ran 

5S7T 

TO  HT!7 

Feb 

IS. 2 

163.6 

20.7 

153.9 

12.1 

182.5 

7.0 

179.7 

16.5 

207.2 

Mar 

24.0 

279.0 

28.7 

271.5 

23.5 

280.6 

20.6 

283.7 

28.3 

299.3 

Apr 

38.2 

375.2 

42.7 

381.2 

38.6 

372.4 

38.2 

391.6 

45.1 

391.1 

Nay 

49.0 

457.9 

52.8 

469.0 

49.4 

445.6 

50.1 

465.5 

57.1 

471.2 

Jim 

S8.7 

491.2 

63.7 

518.7 

59.0 

479.3 

60.4 

502.7 

66.9 

522.8 

Jul 

63.8 

497.8 

68.7 

518.0 

65.6 

503.0 

65.8 

521.1 

71.9 

534.3 

Aug 

63.2 

413.0 

67.5 

436.5 

64.1 

419.6 

63.2 

439.0 

70.2 

457.6 

Sap 

55.3 

284.6 

59.4 

316.1 

54.4 

297.0 

53.0 

304.1 

60.0 

340.3 

Oct 

46.2 

182.6 

49.8 

204.5 

45.3 

196.6 

43.5 

190.9 

50.0 

233.2 

Nov 

32.8 

90.0 

36.9 

102.2 

28.4 

103.3 

24.9 

93.7 

32.4 

130.3 

Dae 

20.1 

68.6 

25.9 

69.6 

14.4 

79.1 

8.7 

73.7 

18.6 

95.8 

Ann 

40.0 

282.6 

44.8 

293.8 

38.6 

288.7 

36.5 

295.2 

44.1 

317.4 

STATE: 

Minnesota 

Missouri 

Missouri 

Missouri 

Missouri 

STATION: 

Rochas tar 

Coluabla 

Kansas  City 

Springfield 

St.  Louis 

LATITUDE: 

435SN 

3849N 

3918N 

3714N 

384  5N 

LONCITUDE: 

9230W 

9213W 

944  3W 

9323V 

9023V 

ELEVATION: 

402 

270 

315 

387 

172 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

ETTTT^Bi 

INSLN 

TEMP 

INSLN 

-M 

wnm 

Fab 

16.9 

204.2 

33.6 

237.3 

32.3 

242.7 

37.0 

251.1 

35.1 

240.2 

Mar 

27.8 

293.5 

41.7 

319.7 

40.7 

326.3 

44.0 

335.0 

43.3 

326.8 

Apr 

44.5 

382.4 

55.0 

413.9 

54.2 

427.2 

56.5 

435.2 

56.5 

424.3 

May 

56.2 

459.9 

64.4 

509.9 

64.1 

507.9 

65.1 

510.4 

65.8 

507.6 

Jun 

66.0 

515.9 

73.0 

566.8 

73.0 

564.1 

73.6 

562.9 

74.9 

567.6 

Jul 

70.1 

517.8 

77.3 

574.0 

77.5 

570.2 

77.8 

559.6 

78.6 

555.9 

Aug 

68.6 

450.9 

76.0 

509.4 

76.5 

505.2 

77.1 

508.2 

77.2 

492.7 

Sap 

59.3 

339.1 

68.3 

393.4 

68.0 

394.0 

69.3 

401.6 

69.6 

395.8 

Oct 

49.6 

235.9 

58.0 

298.6 

57.6 

296.3 

59.0 

310.3 

59.1 

298.3 

Nov 

32.6 

134.1 

43.9 

190.6 

42.3 

200.0 

45.5 

210.3 

45.0 

194.8 

Dec 

18.9 

100.4 

32.8 

141.7 

31.3 

152.3 

36.0 

163.5 

34.6 

143.9 

Ann 

43.6 

313.6 

54.4 

360.1 

53.7 

363.5 

56.1 

369.5 

55.9 

359.8 

STATE: 

Mississippi 

Mississippi 

Montana 

Montana 

Montana 

STATION: 

Jackson 

Meridian 

Billings 

Cut  Bank 

Dillon 

LATITUDE: 

3219N 

3220N 

4548M 

4836N 

4515N 

LONCITUDE: 

9005V 

8845V 

10832V 

11222V 

11233V 

ELEVATION: 

101 

94 

1088 

1170 

1588 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEW 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

ian 

47.1  204.4 

IO — T5TT 

70 

131.8 

TO 

rcPTTT 

TO — IU7F 

Fab 

49.8 

278.4 

49.8 

274.6 

27.4 

207.0 

22.4 

186.6 

25.5 

229.5 

Mar 

56.1 

371.4 

56.1 

360.2 

32.6 

322.6 

26.8 

306.0 

29.6 

347.0 

Apr 

65.7 

463.4 

65.4 

450.7 

44.6 

414.0 

39.5 

402.7 

41.1 

444.6 

May 

72.7 

526.4 

72.4 

504.4 

54.5 

518.8 

49.6 

510.6 

50.4 

539.6 

Jun 

79.4 

549.1 

79.2 

532.4 

62.6 

589.6 

56.5 

554.8 

57.5 

581.4 

Jul 

81.7 

517.8 

81.2 

494.6 

71.8 

646.6 

64.4 

620.3 

66.4 

648.8 

Aug 

81.2 

483.0 

80.7 

471.8 

70.1 

548.6 

62.6 

514.4 

64.6 

548.8 

Sap 

76.0 

409.4 

75.3 

394.4 

58.9 

398.7 

53.2 

366.7 

54.7 

412.6 

Oct 

65.8 

344.9 

64.8 

341.1 

49.3 

267.7 

44.1 

236.3 

45.0 

277.6 

Nov 

55.3 

244.6 

54.2 

243.2 

35.7 

152.3 

29.7 

130.3 

31.8 

163.3 

Dec 

48.9 

192.3 

47.9 

189.7 

26.8 

114.2 

21.4 

90.7 

23.9 

122.1 

Ann 

65.0 

382.1 

64.5 

371.6 

46.3 

359.3 

40.5 

335.7 

42.6 

371.5 

B-18 


STATE: 

STATION: 

LATITUDE: 

LONGITUDE: 

ELEVATION: 

MONTH 

Montana 
Glasgow 
481 3N 
10S37V 
700 

TEMP  INSLN 

Montana 
Croat  Falla 
472  9N 
11122V 
1116 

TEMP  INSLN 

Montana 

Halana 

4636N 

11200V 

1188 

TEMP  1LSLN 

Montana 

Lowleton 

4703N 

10927V 

1264 

TEMP  INSLN 

Montana 
Milan  City 
4626N 
10552V 
803 

TEMP  INSLN 

Jan  ' 

9.2 

10572 

20.5 

11471 

18.1 

TT378 

19.1 

11379 

15.4 

12470 

Fob 

15.2 

182.1 

26.6 

195.3 

25.4 

192.3 

23.8 

187.8 

21.6 

202.2 

Mar 

25.2 

299.7 

30.5 

317.5 

30.6 

310.7 

27.5 

306.1 

30.2 

321.4 

Apr 

42.8 

403.6 

43.4 

403.8 

42.7 

403.3 

40.1 

391.8 

45.3 

418.3 

May 

54.2 

495.8 

53.3 

501.1 

52.2 

504.6 

49.6 

490.2 

56.3 

514.2 

Jun 

62.0 

555.3 

60.8 

570.0 

59.2 

553.3 

56.6 

558.5 

64.9 

562.1 

Jul 

70.5 

594.8 

69.3 

631.7 

67.9 

633.0 

65.5 

620.6 

74.4 

621.9 

Aug 

69.0 

505.3 

67.4 

524.3 

66.2 

523.6 

64.4 

515.8 

72.5 

536.3 

Sap 

57.2 

363.6 

57.3 

373.9 

55.5 

383.1 

54.0 

372.2 

59.9 

391.6 

Oct 

46.4 

238.0 

48.3 

250.8 

45.3 

251.2 

45.5 

245.5 

48.8 

260.6 

Nov 

29.0 

129.9 

34.6 

135.0 

31.7 

141.4 

32.2 

136.3 

32.4 

149.5 

Dac 

17.1 

90.7 

26.5 

91.2 

23.3 

98.8 

24.5 

98.5 

22.0 

106.3 

Ann 

41.5 

330.3 

44.9 

342.4 

43.2 

342.4 

41.9 

336.4 

45.3 

352.5 

STATE: 

Montana 

North  Carolina 

North  Carolina 

North  Carolina  North  Carol li 

STATION: 
LATITUDE: 
LONGITUDE : 
ELEVATION : 

Mlaaoula 

4655N 

11405V 

972 

Aahavllla 

3526N 

8232V 

661 

Cap*:  Hattaraa 
3516N 
7533V 
2 

Charlotte 

3513N 

8056V 

234 

Chtrry 

3454N 

7653V 

11 

Point 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

20.8 

84.4 

37.9 

195.7 

4^.1 

186.0 

42.1 

295.0 

“O 

20$.  3 

Fob 

27.2 

155.7 

39.4 

263.5 

45.8 

258.3 

44.0 

263.4 

0.0 

278.1 

Mar 

33.3 

266.2 

45.9 

354.3 

50.6 

359.8 

50.6 

357.4 

0.0 

376.1 

Apr 

43.9 

374.9 

55.9 

452.3 

58.9 

481.2 

60.8 

459.8 

0.0 

486.6 

May 

52.5 

483.5 

63.7 

489.4 

67.0 

532.1 

68.8 

503.3 

0.0 

522.1 

Jun 

58.9 

524.3 

70.6 

503.0 

74.3 

552.2 

75.9 

521.1 

0.0 

525.9 

Jul 

66.6 

631.3 

73.5 

481.8 

78.0 

521.0 

78.5 

496.6 

0.0 

496.3 

Aug 

65.0 

510.2 

72.8 

441.2 

77.5 

462.6 

77.7 

459.8 

0.0 

443.3 

Sap 

55.3 

368.3 

66.7 

369.1 

73.7 

398.9 

72.0 

384.0 

0.0 

387.1 

Oct 

44.1 

-'J.4 

56.8 

311.2 

65.2 

308.3 

61.7 

318.3 

0.0 

317.3 

Nov 

32.3 

111.3 

46.3 

230.2 

56.0 

236.8 

51.0 

234.8 

0.0 

245.9 

Dac 

24.7 

72.5 

38.7 

178.4 

47.7 

178.7 

42.5 

182.4 

0.0 

194.7 

Ann 

43.7 

316.9 

55.7 

355.9 

61.7 

373.0 

60.5 

364.7 

0.0 

373.2 

STATE: 

STATION: 

LATITUDE: 

LONCITUDE: 

ELEVATION: 

North  Carolina 

Creensboro 

3605N 

7957W 

270 

North  Carolina 

Ralalgh 

3552N 

7847V 

134 

North  Dakota 

Blaaarck 

4646N 

10045V 

502 

North  Dakota 

Fargo 

4654N 

9648V 

274 

North  Dakota 

Minot 

4816N 

10117V 

522 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

30 

7WH 

ZO“ 

188.2 

~o~ 

126.6 

179 

TT77T 

7.9 

T5Z7T 

Fab 

40.6 

263.1 

42.2 

255.8 

13.5 

210.4 

10.7 

191.4 

12.8 

177.9 

Mar 

47.8 

356.2 

49.2 

346.0 

25.1 

316.8 

24.2 

297.8 

23.6 

283.3 

Apr 

58.6 

456.6 

59.5 

446.0 

43.0 

395.8 

42.3 

400.3 

41.1 

396.2 

May 

67.1 

506.7 

67.4 

490.5 

54.4 

501.3 

54.6 

497.7 

52.8 

500.8 

Jun 

74.4 

529.8 

74.4 

505.6 

63.8 

558.7 

64.7 

540.8 

62.0 

535.7 

Jul 

77.2 

505.5 

77.5 

481.6 

70.8 

592.3 

70.7 

575.0 

68.8 

569.0 

Aug 

76.0 

460.2 

76.5 

437.1 

69.2 

509.0 

69.2 

495.1 

67.2 

480.4 

Sop 

69.7 

384.5 

70.6 

373.5 

57.5 

367.4 

57.9 

353.6 

56.2 

346.4 

Oct 

59.2 

309.6 

60.2 

299.8 

46.8 

246.2 

47.0 

237.0 

46.1 

230.4 

Nov 

48.3 

227.6 

50.0 

220.3 

28.9 

137.6 

28.6 

124.0 

27.9 

118.9 

Dac 

39.6 

178.7 

41.2 

172.4 

15.6 

101.1 

13.0 

91.5 

14.7 

84.1 

Ann 

58.1 

364.4 

59.1 

351.4 

41.4 

338.6 

40.8 

326.4 

40.1 

319.6 

B-19 


STATE  : 

Nebraska 

STATION: 

Crand 

Island 

LATITUDE : 

4058N 

LONCITUDE: 

9819W 

ELEVATION: 

566 

MONTH 

TEMP 

INSLN 

Jan 

777 T" 

Fab 

27.7 

248.7 

Mar 

35.5 

343.2 

Apr 

49.9 

459.1 

May 

60.7 

534.8 

Jun 

70.7 

608.2 

Jul 

76.3 

601.0 

Aug 

75.0 

526.1 

Sap 

64.4 

409.4 

Oct 

53.7 

308.6 

Nov 

38.2 

200.3 

Dae 

27.0 

154.4 

Ann 

50.1 

381.1 

STATE: 

New  Jersey 

STATION: 

Lakehurat 

LATITUDE: 

4002N 

LONCITUDE: 

7420W 

ELEVATION : 

37 

MONTH 

TEMP 

INSLN 

Jan 

0 • 0 

"HO 

Peb 

O.C 

216.2 

Mar 

0.0 

300.6 

Apr 

0.0 

394.9 

May 

0.0 

453.5 

Jun 

0.0 

481.4 

Jul 

0.0 

462.0 

Aug 

0.0 

415.8 

Sep 

0.0 

341.9 

Oct 

0.0 

259.2 

Nov 

0.0 

168.5 

Dec 

0.0 

128.8 

Ann 

0.0 

314.6 

STATE: 

New  Mexico 

STATION: 

Roswell 

LATITUDE: 

3324N 

LONCITUDE: 

10432 H 

ELEVATION: 

1103 

MONTH 

TEMP 

INSLN 

Jan 

ta.i 

Peb 

42.9 

372.3 

Mar 

49.3 

490.2 

Apr 

59.7 

601.5 

May 

68.5 

667.0 

Jun 

77.0 

708.0 

Jul 

79.2 

662.0 

Aug 

77.9 

608.1 

Sep 

70.4 

518.9 

Oct 

59.6 

414.2 

Nov 

46.9 

306.9 

Dec 

39.3 

258.2 

Ann 

59.1 

490.9 

Nebraska 
North  Omaha 
4122N 
9601V 
404 

TEMP  INSLN 

Nebraska 

North  Platte 
4108N 
10041W 
849 

TEMP  INSLN 

2072 

187.8 

25.5 

242.0 

26.1 

259.9 

34.6 

331.6 

34.3 

361.6 

50.0 

422.7 

47.8 

467.6 

60.9 

507.9 

58.3 

539.1 

70.2 

575.7 

68.0 

614.8 

75.1 

571.4 

74.3 

617.7 

73.7 

504.1 

73.0 

539.7 

64.4 

372.5 

62.3 

424.6 

54.4 

284.8 

51.0 

319.3 

37.9 

174.7 

36.2 

206.0 

25.7 

138.7 

26.8 

164.2 

49.4 

358.2 

48.6 

391.8 

New  Jersey 

New  Mexico 

Newark 

Albuquerque 

4042N 

3503N 

74 10W 

10637V 

9 

1619 

TEMP 

INSLN 

TEMP 

INSLN 

70” 

“no 

TTT" 

"77T7 

32.6 

215.1 

40.0 

364.0 

40.6 

300.7 

45.8 

479.4 

51.7 

392.9 

55.8 

604.4 

70.9 

457.6 

65.3 

688.5 

61.9 

487.0 

74.6 

726.6 

71.4 

477.4 

73.6 

675.0 

76.4 

424.5 

72.4 

621.2 

74.6 

345.3 

65.0 

534.8 

67.8 

257.9 

54.8 

419.5 

57.5 

161.7 

42.3 

307.5 

46.2 

123.3 

35.1 

251.6 

34.5 

316.1 

52.7 

495.7 

New  Mexico 

New  Mexico 

Truth 

or  Con. 

Tucuacarl 

3314N 

3511N 

10716V 

10336W 

1481 

1231 

TEMP 

INSLN 

TEMP 

INSLN 

50” 

JO- 

44.9 

393.7 

41.1 

351.7 

50.2 

511.7 

46.7 

464.5 

59.5 

634.1 

56.9 

569.2 

59.5 

693.5 

65.6 

627.6 

76.9 

718.7 

75.1 

673.8 

79.3 

641.4 

78.4 

637.2 

77.4 

601.1 

76.7 

587.0 

71.6 

526.3 

69.6 

496.2 

61.3 

428.2 

58.7 

391.4 

48.7 

330.0 

46.2 

291.0 

40.8 

271.9 

38.6 

246.8 

59.9 

504.5 

57.6 

467.5 

Nebraska  NKanpshtre 

Scottabluff  Concord 


4152N 

4312N 

10336W 

7130W 

1206 

105 

TEMP 

INSLN 

TEMP 

INSLN 

70“ 

71377 

757? 

29.5 

257.8 

22.6 

186.1 

34.3 

354.6 

32.3 

264.1 

46.2 

452.4 

44.2 

357.3 

56.5 

524.4 

55.1 

429.2 

65.9 

606.7 

64.7 

462.4 

73.7 

619.5 

69.7 

454.2 

71.6 

542.4 

67.2 

394.7 

61.2 

433.7 

59.5 

309.3 

50.2 

310.6 

49.3 

221.6 

36.2 

196.2 

38.0 

125.5 

27.6 

156.0 

24.8 

98.2 

48.2 

386.4 

45.6 

285.6 

New  Mexico 

New  Mexico 

Clayton 

Farrington 

3627N 

364  5N 

10309W 

10814V 

1515 

1677 

TEMP 

INSLN 

TEMP 

INSLN 

7371 

260.8 

TO 

im 

36.1 

336.5 

35.0 

347.4 

40.4 

448.0 

40.6 

459.3 

50.8 

553.2 

49.7 

578.5 

60.0 

602.7 

59.5 

665.0 

69.2 

655.8 

67.9 

723.0 

73.6 

619.4 

75.0 

672.2 

72.4 

568.9 

72.6 

610.9 

65.0 

488.8 

64.6 

524.7 

54.8 

388.8 

52.9 

401.1 

42.3 

278.8 

39.2 

284.1 

35.1 

233.4 

30.1 

227.1 

52.7 

452.9 

51.3 

479.1 

New  Mexico 

Nevada 

Zunt 

Elko 

3506N 

4050N 

10848V 

1154 7W 

1965 

1547 

INSLN 

TEMP 

INSLN 

7372 

TO 

34.6 

351.9 

29.2 

280.6 

39.6 

457.7 

35.0 

396.8 

48.1 

587.8 

43.5 

515.3 

56.6 

670.8 

51.9 

624.8 

65.4 

705.8 

59.6 

687.3 

71.4 

614.2 

69.5 

711.4 

69.4 

563.7 

67.0 

628.2 

63.3 

514.0 

57.6 

513.4 

51.5 

405.9 

46.9 

358.7 

40.1 

295.2 

34.8 

220.3 

32.0 

242.1 

25.9 

167.4 

50.3 

473.0 

45.4 

440.9 

B-20 


'' - , 4 »w  j«i,(ii IfVIIJKJ 111, - 1-  - 


STATE: 

Nevada 

Nevada 

Nevada 

Nevada 

Nevada 

STATION: 

Ely 

Las  Vegas 

Lovelock 

Reno 

Tonopak 

LATITUDE: 

397  7N 

3605N 

4004N 

3930N 

3804N 

LONGITUDE: 

11451W 

11510W 

11833W 

11947W 

11708W 

ELEVATION: 

1906 

664 

1190 

1341 

1653 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

20 

222.3 

245.3 

“SO 

20 

71371 

3l.4 

217.1 

30.2 

7*0 

Feb 

<■7.9 

309.5 

363.3 

49.1 

35.2 

316.1 

37.1 

311.9 

34.6 

345.6 

Mar 

32.8 

435.6 

494.6 

54.8 

40.1 

449.3 

40.3 

447.4 

39.6 

482.0 

Apr 

41.3 

544.9 

629.0 

63.8 

48.5 

587.3 

46.8 

585.7 

48.1 

610.5 

May 

50.0 

626.8 

717.8 

73.3 

57.5 

692.9 

54.6 

684.4 

56.9 

699.1 

Jun 

57.7 

681.6 

753.5 

82.3 

65.6 

745.8 

61.5 

732.7 

65.3 

756.2 

Jul 

67.2 

66  J.  8 

702.1 

89.6 

14.3 

755.1 

69.3 

730.2 

73.0 

733.1 

Aug 

65.5 

'05.0 

638.7 

87.4 

71.3 

673.8 

66.9 

652.5 

70.7 

661.3 

Sep 

56.7 

324.9 

552.6 

80.1 

62.7 

549.9 

60.2 

541.9 

63.5 

554.1 

Oct 

46.0 

381.. 

417.7 

67.1 

51.2 

393.6 

50.3 

388.1 

52.1 

412.4 

Nov 

34.0 

251.3 

294.4 

53.3 

38.4 

252.1 

40.1 

247.5 

39.8 

279.6 

Dec 

26.2 

196.0 

238.8 

45.2 

30.8 

193.8 

33.0 

191.4 

31.9 

224.3 

Ann 

44.1 

453.6 

505.7 

65.8 

50.4 

485.7 

49.4 

477.6 

50.5 

500.6 

STATE: 

Nevada 

Nevada 

New  York 

New  York 

New  York 

STATION: 

Winnemucca 

Yucca  Flats 

Albany 

Binghamton 

Buffalo 

LATITUDE: 

404 5N 

3657N 

4245N 

4213N 

4256N 

LONGITUDE: 

11748W 

11603W 

7348W 

7599W 

7844W 

ELEVATION: 

1323 

1197 

89 

499 

215 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

28.2 

TiTTT 

0.0 

258.6 

i'l.1 

123.8 

ii.’o 

104.6 

TO 

44.6 

Feb 

34.1 

278.7 

0.0 

345.4 

23.5 

186.7 

22.8 

156.2 

24.4 

148.2 

Mar 

37.6 

399.3 

0.0 

478.5 

33.4 

267.4 

31.3 

233.6 

32.1 

241.0 

Apr 

45.1 

533.7 

0.0 

609.3 

46.9 

362.2 

44.7 

336.8 

44.9 

356.7 

May 

53.8 

640.6 

0.0 

699.0 

57.7 

425.8 

55.1 

405.8 

55.1 

433.1 

Jun 

61.7 

696.9 

0.0 

741.5 

67.5 

469.2 

64.8 

456.1 

65.7 

489.2 

Jul 

71.0 

726.3 

0.0 

719.7 

72.0 

467.9 

69.1 

450.0 

70.1 

481.8 

Aug 

67.8 

636.9 

0.0 

646.1 

69.6 

406.6 

67.3 

386.4 

68.4 

410.4 

Sep 

59.2 

517.3 

0.0 

548.4 

61.9 

317.4 

60.2 

306.8 

61.6 

312.4 

Oct 

48.3 

358.6 

0.0 

411.3 

51.4 

221.7 

50.3 

211.4 

51.5 

212.8 

Nov 

37.3 

219.6 

0.0 

282.5 

39.6 

124.0 

38.2 

112.2 

39.8 

109.4 

Dec 

30.4 

167.7 

0.0 

231.3 

25.9 

96.5 

25.4 

80.6 

27.9 

76.8 

Ann 

47.9 

446.9 

0.0 

497.6 

47.6 

289.1 

46.0 

270.1 

47.1 

280.5 

STATE: 

New  York 

New  York 

New  York 

New  York 

New  York 

STATION: 

Massena 

Central  Park 

La  Guardia 

Rochester 

Syracuse 

LATITUDE: 

4456N 

404  7N 

4046N 

4307N 

4307N 

LONGITUDE : 

7451W 

7358W 

7354W 

7740W 

7607W 

ELEVATION: 

63 

57 

16 

169 

124 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

14.5 

106.1 

JTT— 

T7TT 

757! 

W7 

50 

~5or 

23.6 

104.4 

Feb 

16.7 

168.2 

33.4 

195.6 

33.1 

215.5 

24.8 

151.8 

24.6 

155.0 

Mar 

27.6 

265.2 

41.1 

281.3 

40.6 

303.1 

33.0 

245.1 

33.2 

241.5 

Apr 

42.2 

364.3 

52.1 

370.0 

51.7 

395.1 

46.1 

363.2 

46.5 

359.1 

May 

54.1 

437.6 

62.3 

443.8 

61.8 

458.5 

56.5 

435.7 

56.8 

428.0 

Jun 

64.3 

482.5 

71.6 

463.9 

71.5 

488.8 

66.9 

492.8 

66.9 

482.2 

Jul 

64.3 

474.9 

76.6 

457.8 

76.7 

483.9 

71.2 

483.0 

71.5 

476.8 

Aug 

66.7 

402.5 

74.9 

402.3 

74.9 

429.4 

69.3 

412.0 

69.7 

407.8 

Sep 

59.2 

304.8 

68.4 

329.2 

68.1 

347.2 

62.3 

314.6 

62.8 

316.1 

Oct 

48.5 

199.7 

58.7 

242.9 

58.1 

257.8 

52.3 

212.1 

52.5 

210.9 

Nov 

35.9 

105.2 

47.4 

144.6 

47.3 

160.9 

40.5 

109.6 

41.0 

108.2 

Dec 

20.1 

79.8 

35.5 

109.6 

35.6 

123.9 

28.3 

76.2 

28.1 

77.4 

Ann 

43.2 

282.6 

54.5 

298.1 

54.3 

317.7 

47.9 

282.9 

48.1 

280.6 

B-21 


STATE : 

Ohio 

Ohio 

Ohio 

Ohio 

Ohio 

STATION: 

Akron-Canton 

Cincinnati 

Cleveland 

Columbus 

Dayton 

UTITUDE: 

4055N 

3904N 

4124N 

4000N 

3954N 

LONCITUDE: 

8126W 

8440W 

8151W 

8253W 

8413W 

ELEVATION: 

377 

271 

245 

254 

306 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMF 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

HO 

55.  f” 

135. ft 

TO  ■ 

105.4 

TO 

124. & 

is  .1 

13}. 7 

Fab 

27.7 

176.2 

33.4 

200.3 

27.9 

163.0 

30.3 

183.6 

30.4 

196.7 

Mar 

36.2 

261.5 

41.1 

278.7 

36.1 

250.2 

39.2 

265.7 

39.0 

278.1 

Apr 

48. 5 

368.1 

52.1 

379.3 

48.3 

366.0 

51.2 

367.0 

51.4 

380.6 

May 

58.7 

452.4 

62.3 

453.6 

58.3 

456.0 

61.1 

446.7 

61.6 

460.9 

Jun 

68.3 

498.9 

72.1 

498.3 

67.9 

500.0 

70.4 

491.7 

71.3 

508.2 

Jul 

71.7 

484.7 

75.6 

480.4 

71.4 

495.8 

73.6 

476.0 

74.6 

490.8 

Aug 

70.3 

402.5 

74.4 

443.3 

70.0 

429.3 

71.9 

445.0 

73.0 

446.3 

Sep 

63.7 

304.8 

67.8 

355.6 

63.9 

336.2 

65.2 

347.6 

66.3 

357.5 

Oct 

53.3 

199.7 

56.8 

268.5 

53.8 

235.2 

54.2 

256.4 

55.5 

262.8 

Nov 

40.7 

105.2 

43.8 

159.6 

41.6 

126.4 

41.7 

145.9 

41.8 

153.0 

Dec 

29.4 

579.8 

33.7 

117.3 

30.3 

86.2 

30.7 

105.0 

30.9 

110.5 

Ann 

49.6 

282.6 

54.0 

314.2 

49.7 

295.8 

51.5 

304.6 

52.0 

314.9 

STATE: 

Ohio 

Ohio 

Oklahoma 

Oklahoma 

Oregon 

STATION: 

Toledo 

Youngstown 

Oklahoma  City 

Tulsa 

Astoria 

LATITUDE : 

4136N 

4116N 

3524N 

3612N 

4609N 

LONGITUDE : 

8348W 

804 OW 

9736W 

9554W 

1235W 

ELEVATION: 

211 

361 

397 

206 

7 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

«;r_ 

TT7.5 

— 

ToT.T 

TO 

TTTT 

¥T“ 

lift.  5 

40.6 

85.4 

Feb 

27.1 

184.6 

26.7 

159.1 

41.3 

286.2 

41.2 

265.3 

43.6 

147.9 

Mar 

35.8 

270.3 

35.3 

241.4 

48.2 

379.8 

48.3 

354.1 

44.4 

234.9 

Apr 

48.4 

375.4 

47.7 

346.7 

60.4 

468.0 

60.8 

434.7 

47.8 

339.9 

May 

58.8 

465.7 

57.6 

430.2 

68.3 

520.3 

68.8 

494.3 

52.3 

436.2 

Jun 

68.9 

509.5 

67.0 

477.2 

76.8 

581.5 

77.3 

548.1 

56.5 

441.0 

Jul 

72.3 

501.6 

70.7 

470.3 

81.5 

577.3 

82.1 

550.8 

60.0 

473.7 

Aug 

70.8 

438.3 

69.2 

408.6 

81.1 

529.0 

81.4 

506.0 

60.3 

406.5 

Sep 

63.8 

346.0 

62.7 

323.8 

73.0 

421.6 

73.3 

399.5 

58.4 

320.9 

Oct 

53.0 

247.1 

52.6 

230.9 

62.4 

344.3 

62.9 

315.7 

52.8 

193.4 

Nov 

39.6 

135.0 

40.3 

123.8 

49.2 

244.4 

49.4 

224.4 

46.5 

105.0 

Dec 

28.0 

96.4 

28.8 

85.5 

40.0 

196.8 

39.8 

178.8 

42.8 

70.7 

Ann 

49.3 

307.3 

48.7 

283.5 

59.9 

396.4 

60.2 

372.5 

50.5 

271.3 

STATE: 

Oregon 

Oregon 

Oregon 

Oregon 

Oregon 

STATION: 

Burna 

Medford 

North 

Bend 

Pendleton 

Portland 

UTITUDE: 

4335N 

4222N 

4325N 

4541N 

4536N 

LONGITUDE: 

11903W 

12252W 

12415W 

11851W 

12236W 

ELEVATION: 

1271 

396 

5 

456 

12 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

"T3773 

¥T“ 

11 6. 4 

44.6 

no 

32.0 

94.4 

3571 

84  el 

Feb 

31.0 

214.8 

41.3 

200.0 

46.6 

191.1 

38.9 

166.4 

42.8 

150.3 

Mar 

36.1 

322.0 

44.8 

307.2 

46.9 

287.0 

43.8 

283.1 

45.7 

242.8 

Apr 

44.2 

447.2 

50.2 

444.5 

49.1 

409.5 

50.9 

407.6 

50.6 

354.7 

May 

52.2 

556.7 

57.3 

551.6 

53.1 

503.7 

58.5 

522.3 

56.7 

451.1 

Jun 

59.0 

618.4 

64.3 

617.9 

56.9 

540.8 

65.6 

581.6 

62.0 

480.8 

Jul 

68.4 

667.3 

71.7 

671.4 

59.0 

571.7 

73.5 

649.8 

67.1 

552.6 

Aug 

66.1 

564.9 

70.4 

575.2 

59.7 

484.4 

71.5 

540.9 

66.6 

454.0 

Sep 

58.2 

439.4 

64.4 

431.0 

58.4 

373.6 

64.0 

407.5 

62.2 

330.0 

Oct 

47.3 

282.8 

53.4 

266.3 

54.9 

242.1 

52.6 

246.3 

53.8 

196.3 

Nov 

35.8 

161 .0 

43.3 

136.8 

50.1 

142.3 

41.4 

118.9 

45.3 

105.1 

Dec 

27.9 

116.8 

37.7 

91.3 

46.5 

103.3 

35.7 

79.5 

40.7 

70.5 

Ann 

46.0 

377.0 

53.0 

367.0 

52.2 

330.7 

52.4 

341.5 

52.6 

289.4 

B-22 


STATE: 

STATION: 

LATITUDE: 

LONGITUDE: 

ELEVATION: 

MONTH 

Oregon 

Rednond 

4416N 

12109W 

940 

TEMP  INSLN 

Oregon 

Salam 

4455N 

12301W 

61 

TEMP  INSLN 

Pennayl vania 

Allentown 

4039N 

7526W 

117 

TEMP  INSLN 

Pennsylvania 

Erie 

4205N 

801 1W 

225 

TEMP  INSLN 

Pennsylvania 
Harrisburg 
401 3N 
7651W 
106 

TEMP  INSLN 

Jan 

3072 

13377 

30^ 

2778 

143.1 

T57T^ 

93.7 

145.3 

Fab 

35.8 

42.9 

159.5 

29.4 

207.1 

25.2 

156.5 

32.3 

209.1 

Mar 

38.6 

322.8 

45.2 

256.9 

38.1 

292.5 

32.9 

249.6 

41.0 

293.8 

Apr 

38.6 

456.5 

49.8 

371.7 

49.9 

382.4 

44.8 

368.6 

52.8 

382.6 

May 

51.3 

564.1 

55.7 

471.4 

60.1 

444.0 

54.6 

446.6 

63.1 

448.2 

Jun 

58.2 

620.4 

61.2 

501.4 

69.5 

482.0 

64.6 

500.9 

72.0 

498.5 

Jul 

65.7 

663.5 

66 . 6 

581.1 

74.1 

478.7 

68.7 

497.1 

76.1 

478.4 

Aug 

63.8 

561.1 

66.1 

481.4 

71.7 

419.4 

67.5 

394.6 

73.9 

420.6 

Sep 

57.7 

429.7 

61.9 

360.3 

64.7 

335.8 

61.4 

315.8 

67.0 

343.5 

Oct 

48.4 

271.1 

53.2 

208.7 

54.1 

251.2 

51.6 

224.4 

55.8 

253.4 

Nov 

39.0 

155.2 

45.2 

111.3 

42.3 

154.1 

40.1 

112.9 

43.8 

157.0 

Dec 

33.4 

115.2 

40.9 

75.2 

30.7 

116.8 

29.1 

75.3 

32.6 

121.3 

Ann 

47.2 

375.2 

52.3 

305.8 

51.0 

308.9 

47.1 

287.2 

53.4 

311.9 

STATE: 

Pennsylvania 

Pennsylvania 

Pennsylvania 

Pacific  Is. 

Pactfic  Is. 

STATION: 

Philadelphia 

Pittsburg 

Wilkes-Barre 

Koror 

Is. 

Kwajalein  Is 

LATITUDE : 

3953N 

4030N 

4120N 

720N 

844 

LONGITUDE: 

751 59W 

80131W 

7544W 

13429E 

16744E 

ELEVATION: 

9 

373 

289 

33 

8 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

TTT- 

150.6 

28.1 

115.1 

24.0 

121.4 

81.2 

BUH 

81.2 

426.9 

Feb 

33.9 

215.5 

29.3 

169.6 

27.3 

186.8 

80.7 

422.8 

81.4 

475.2 

Mar 

41.9 

300.6 

38.1 

255.7 

36.0 

268.9 

81.1 

442.4 

81.7 

487.2 

Apr 

52.9 

388.9 

50.2 

357.1 

48.5 

363.2 

81.9 

458.9 

81.8 

472.1 

May 

63.2 

450.2 

59.8 

434.5 

58.9 

431.5 

82.0 

425.2 

81.8 

441.3 

Jun 

72.3 

491.3 

68.6 

477.8 

67.9 

477.4 

81.6 

394.8 

81.9 

436.8 

Jul 

76.8 

476.9 

71.9 

458.2 

72.2 

473.5 

81.1 

391.2 

82.1 

436.6 

Aug 

74.8 

427.1 

70.2 

409.7 

70.0 

410.5 

81.2 

402.2 

82.5 

457.6 

Sep 

68.1 

347.6 

63.8 

327.9 

62.9 

325.2 

81.6 

414.1 

82.5 

438.2 

Oct 

57.4 

260.0 

53.2 

242.8 

52.6 

243.2 

81.9 

408.7 

82.4 

413.7 

Nov 

46.2 

168.0 

41.3 

136.9 

40.8 

132.8 

81.9 

393.0 

81.7 

395.6 

Dec 

35.2 

127.6 

30.5 

94.1 

29.1 

99.8 

81.3 

363.1 

81.6 

393.4 

Ann 

54.6 

317.0 

50.4 

289.9 

49.4 

294.7 

81.5 

407.9 

81.9 

439.6 

STATE : 

Pacific  Is. 

Puerto  Rico 

Rhode 

Island 

S. Carolina 

S. Carol lna 

STATION: 

Wake  Is. 

San  Juan 

Providence 

Charleston 

Columbia 

LATITUDE: 

1917N 

1826N 

4144N 

3254N 

3357N 

LONGITUDE : 

16639E 

6600U 

7126W 

8002W 

8107N 

ELEVATION: 

4 

19 

19 

12 

69 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

77.0 

J5.4 

359.4 

28.4 

13).  3 

48.6 

261.9 

45.4 

206.6 

Feb 

77.0 

426.4 

75.3 

416.6 

29.4 

47.6 

276.8 

Mar 

77.7 

491.3 

76.3 

485.0 

36.9 

279.9 

56.5 

363.1 

54.2 

367.5 

Apr 

78.3 

530.1 

77.5 

512.9 

47.3 

372.7 

64.6 

469.9 

64.1 

473.8 

May 

79.8 

557.3 

79.2 

491.8 

56.9 

448.9 

72.1 

504.6 

72.1 

514.0 

Jun 

81.5 

555.0 

80.5 

492.9 

66.4 

481 .6 

77.9 

500.1 

78.8 

528.1 

Jul 

82.0 

522.0 

80.9 

508.2 

72.1 

459.9 

80.2 

488.0 

81 .2 

499.6 

Aug 

82.6 

507.7 

81.3 

498.6 

70.4 

406.5 

79.6 

430.0 

80.2 

461.9 

Sep 

82.6 

471 .6 

81.1 

454.2 

63.4 

327.9 

75.2 

378.2 

74.5 

390.4 

Oct 

81 .6 

426.1 

80.6 

411.0 

53.7 

245.9 

66.1 

323.5 

64.2 

328.6 

Nov 

80.4 

389.7 

78.7 

371.0 

43.3 

145.8 

56  ' 

253.4 

53.8 

249.9 

Dec 

78.6 

355.6 

76.8 

355.2 

31.5 

113.5 

49.3 

195.5 

46.0 

195.9 

Ann 

79.9 

466.6 

78.6 

444.7 

50.0 

301.7 

64.7 

364.8 

63.5 

374.4 

B-23 


STATE: 

South  Carolina 

South  Dakota 

South  Dakota 

South  Dakota 

South 

Dakota 

STATION: 

Greenville 

Huron 

Pierre 

Rapid  City 

Stoux 

Falls 

LATITUDE: 

3454N 

4423N 

4423N 

4403N 

4334N 

LONGITUDE : 

8213V 

9813V 

10017V 

10304V 

9644V 

ELEVATION: 

296 

393 

526 

966 

435 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

41.3 

197.4 

11.5 

131.4 

1373 

143.6 

TT75 

147.1 

TO- 

T44.3 

Feb 

44.4 

266.3 

17.9 

202.0 

20.4 

215.7 

25.8 

224.2 

19.4 

217.6 

Mar 

50.9 

360.3 

29.0 

302.1 

29.8 

327.2 

31.2 

333.3 

30.0 

312.5 

Apr 

61.0 

460.4 

45.8 

415.0 

46.3 

437.8 

44.6 

431.0 

46.1 

418.5 

May 

69.1 

498.8 

57.0 

507.6 

57.4 

533.4 

55.2 

511.8 

57.7 

513.7 

Jun 

75.9 

520.3 

67.1 

569.9 

67.4 

595.3 

64.2 

578.1 

67.6 

569.6 

Jul 

78.3 

496.4 

73.7 

592.1 

75.2 

617.9 

72.6 

603.0 

73.3 

583.1 

Aug 

77.5 

460.9 

72.1 

513.3 

73.9 

540.5 

71.6 

532.4 

71.8 

500.3 

Sep 

71.7 

381.3 

60.7 

384.6 

62.1 

405.8 

60.5 

411.7 

60.9 

382.4 

Oct 

61.7 

320.1 

49.6 

268.1 

62.1 

285.3 

50.0 

288.5 

50.2 

262.7 

Nov 

51.0 

238.8 

32.4 

156.5 

33.8 

168.9 

35.4 

175.4 

33.1 

164.8 

Dec 

42.9 

181.8 

19.2 

109.9 

21.5 

119.9 

26.5 

129.2 

20.0 

119.6 

Ann 

60.6 

365.3 

44.8 

346.1 

46.? 

366.0 

46.6 

363.8 

4S.4 

349.9 

STATE: 

Tennessee 

Tennessee 

Tennessee 

Tennessee 

Texas 

STATION: 

Chattanooga 

Knoxville 

Memphis 

Nashville 

Abilene 

LATITUDE: 

3502N 

3549N 

3503N 

3607N 

3226N 

LONGITUDE: 

8512V 

8359V 

8959V 

8641V 

9941V 

ELEVATION: 

210 

299 

87 

180 

534 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

46.1 

171.0 

46.5 

166.4 

1573 

163.2 

38.3 

157.2 

43.7 

256.4 

Feb 

42.9 

232.9 

42.8 

234.2 

43.8 

256.3 

41.0 

223.4 

47.9 

320.8 

Mar 

49.8 

319.0 

49.9 

323.0 

51.0 

346.7 

48.7 

306.5 

54.5 

427.5 

Apr 

60.5 

420.4 

60.3 

433.7 

62.5 

444.5 

60.1 

418.7 

65.2 

500.0 

May 

68.5 

469.8 

68.4 

489.1 

70.9 

511.3 

68.5 

495.0 

72.4 

552.6 

Jun 

76.0 

496.7 

75.5 

515.8 

78.6 

554.6 

76.6 

532.5 

80.3 

599.1 

Jul 

78.8 

470.7 

78.2 

489.4 

81.6 

534.9 

79.6 

513.0 

83.9 

580.2 

Aug 

78.0 

442.1 

77.3 

451.9 

80.4 

494.7 

78.5 

471.1 

83.6 

530.6 

Sep 

71.9 

362.2 

71.6 

375.2 

73.6 

399.0 

72.0 

379.2 

76.1 

433.3 

Oct 

60.8 

300.6 

60.9 

304.0 

63.0 

326.7 

60.9 

302.1 

66.1 

356.8 

Nov 

48.9 

209.7 

49.2 

205.8 

50.9 

221.5 

48.4 

192.9 

54.1 

273.4 

Dec 

41.2 

157.4 

41.5 

154.4 

42.7 

170.5 

40.4 

141.2 

46.4 

234.2 

Ann 

59.8 

337.7 

59.7 

345.4 

61.6 

370.5 

59.4 

344.4 

64.5 

421.6 

STATE: 

Texas 

Texas 

Texas 

Texas 

Texas 

STATION: 

Aaarillo 

Austin 

Brownsville 

Corpus  Chrlsti  Dallas 

LATITUDE: 

3514N 

3018N 

2554N 

2746N 

3251N 

LONGITUDE: 

10142V 

9742V 

9726V 

9730V 

9651V 

ELEVATION: 

1098 

189 

4 

13 

149 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

36.6 

160.4 

49.7 

134.5 

60.3 

347.6 

30 

243.6 

45.4 

ll2.fi 

Feb 

39.7 

337.3 

53.3 

305.0 

63.4 

308.0 

59.6 

311.2 

49.4 

290.5 

Mar 

45.6 

442.4 

59.5 

387.6 

67.7 

395.4 

64.9 

387.9 

55.8 

385.7 

Apr 

56.5 

547.7 

68.6 

435.4 

74.9 

471.2 

72.8 

445.5 

66.4 

441.3 

May 

65.6 

599.9 

75.2 

497.3 

79.3 

522.7 

77.9 

506.3 

73.8 

512.3 

Jun 

74.6 

649.1 

81.6 

562.0 

82.8 

573.8 

82.4 

567.9 

81.6 

579.1 

Jul 

78.7 

618.6 

84.6 

571.1 

84.4 

600.1 

84.8 

593.0 

85.7 

575.6 

Aug 

77.6 

570.5 

84.7 

523.9 

84.4 

549.9 

85.1 

540.0 

85.8 

529.0 

Sep 

69.8 

477.5 

78.9 

435.6 

81.6 

459.5 

81.0 

457.6 

78.2 

430.5 

Oct 

59.5 

380.7 

70.1 

361.6 

75.7 

390.3 

73.9 

384.2 

68.0 

346.1 

Nov 

46.3 

280.2 

59.1 

267.6 

68.1 

286.0 

64.9 

282.8 

55.9 

254.0 

Dec 

38.5 

236.4 

52.3 

223.8 

62.8 

233.9 

59.1 

229.1 

48.2 

211 .6 

Ann 

57.4 

450.0 

68.1 

400.5 

73.8 

419.9 

71.9 

412.4 

66.2 

398.2 

STATE : 

Utah 

Utah 

Utah 

Virginia 

Virginia 

STATION: 

Bryce  Canyon 

Cedar  City 

Salt  Lake  City 

Norfolk 

Richmond 

LATITUDE: 

3742N 

3742N 

404  6N 

3654N 

3730N 

LONGITUDE : 

11209W 

11306W 

1U58W 

761 2W 

7720W 

ELEVATION: 

2313 

1712 

1288 

9 

50 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

TO 

75775 

5577“ 

7T57T 

70 

77777 

TO" 

mrs 

3775“ 

T7T.T 

Feb 

23.2 

335.2 

33.1 

320.0 

33.4 

268.2 

41.4 

252.8 

39.4 

237.9 

Mar 

28.7 

457.0 

38.4 

443.6 

39.6 

394.5 

48.1 

347.4 

46.9 

328.3 

Apr 

37.7 

578.6 

47.1 

567.5 

49.2 

513.8 

57.8 

454.8 

57.8 

424.8 

May 

46.2 

665.6 

56.2 

669.2 

58.3 

640.8 

66.7 

512.0 

66.5 

477.9 

Jun 

46.2 

720.1 

65.0 

733.9 

66.2 

694.6 

74.5 

542.6 

74.2 

507.9 

Jul 

61.6 

657.5 

73.2 

679.0 

76.7 

702.6 

78.3 

502.7 

77.9 

481.3 

Aug 

39.9 

585.0 

71.3 

607.9 

74.5 

611.3 

76.9 

455.8 

76.3 

434.2 

Sep 

52.9 

520.8 

63.2 

533.9 

64.8 

500.0 

71.8 

378.6 

70.0 

365.6 

Oct 

42.8 

397.3 

51.5 

395.9 

52.4 

350.8 

61.7 

293.8 

59.3 

280.1 

Nov 

30.7 

275.4 

38.8 

269.2 

39.1 

213.7 

51.6 

220.1 

49.0 

198.8 

Dec 

22.4 

221.9 

30.8 

213.1 

30.3 

154.6 

42.3 

169.2 

39.0 

153.7 

Ann 

40.0 

471.8 

49.8 

472.7 

51.0 

434.8 

59.3 

359.5 

57.8 

338.5 

STATE : 

Virginia 

Vermont 

Washington 

Washington 

Washington 

STATION : 

Roanoke 

Burlington 

Olympia 

Seattle 

! -Tacoma 

Spokane 

LATITUDE: 

3719N 

4428N 

4658N 

4727N 

4733N 

LONGITUDE : 

7958W 

7309W 

122 54W 

12218W 

11732W 

ELEVATION: 

358 

104 

61 

122 

721 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INS 

Jan 

36,4 

179.2 

1575 

104.5 

7771 

72.9 

56.2 

71 .0 

25.4 

85.4 

Feb 

38.1 

244. C 

18.6 

164.6 

41.0 

136.4 

42.3 

134.3 

32.2 

164.3 

Mar 

45.3 

335.3 

29.1 

255.0 

43.2 

229.2 

44.1 

230.4 

37.5 

282.3 

Apr 

55.9 

429.0 

43.0 

351.6 

48.2 

340.5 

48.7 

350.9 

46.1 

405.5 

May 

64.4 

478.4 

54.8 

427.0 

54.0 

442.6 

54.9 

464.9 

54.7 

520.2 

Jun 

71.7 

510.4 

65.2 

469.0 

58.9 

459.3 

59.8 

488.7 

61.5 

565.0 

Jul 

75.2 

487.2 

69.8 

466.8 

63.6 

518.8 

64.5 

609.8 

69.7 

639.4 

Aug 

74.1 

439.5 

67.4 

400.1 

62.8 

420.1 

63.8 

438.4 

68.0 

526.8 

Sep 

68.0 

368.4 

59.3 

304.4 

58.6 

313.8 

59.6 

311.3 

59.6 

389.3 

Oct 

57.8 

293.0 

48.8 

200.9 

50.6 

172.6 

52.2 

178.0 

47.8 

228.1 

Nov 

46.7 

207.4 

37.0 

101.6 

43.3 

92.0 

44.6 

91.5 

35.5 

107.9 

Dec 

37.4 

160.3 

22.6 

76.8 

39.5 

60.1 

40.5 

57.3 

29.0 

69.2 

Ann 

55.9 

344.3 

44.4 

276.9 

50.1 

271.5 

51.1 

285.5 

47.3 

332.0 

STATE : 

Washington 

Washington 

Wisconsin 

Wisconsin 

Wi  scons  in 

STATION: 

Wtndby  Island 

Yakima 

Eau  Claire 

Green  Bay 

La  Crosse 

LATITUDE : 

482  IN 

4634N 

4452N 

4424N 

4352N 

LONGITUDE: 

12240W 

12032W 

9129W 

8808W 

911  5W 

ELEVATION: 

17 

325 

273 

214 

205 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

0.0 

76.7 

27.5 

4$  .0 

11.7 

122.5 

15.4 

122.4 

16.1 

130.5 

Feb 

0.0 

144.3 

35.7 

180.7 

15.4 

202.5 

18.0 

196.6 

20.0 

207  .it 

Mar 

0.0 

248.9 

41.8 

304.4 

27.3 

295.7 

28.6 

299.5 

31.1 

298.6 

Apr 

0.0 

364  .8 

49.5 

433.4 

44.5 

386.8 

41.8 

390.2 

47.6 

386.9 

May 

0.0 

477.5 

57.9 

544.8 

56.2 

455.9 

54.5 

466.3 

59.0 

464.6 

Jun 

0.0 

493.7 

64.5 

588.3 

66.1 

507.7 

64.5 

517.5 

68.5 

516.8 

Jul 

0.0 

537.4 

70,7 

639.6 

70.5 

511.7 

69.2 

512.2 

72.8 

515.5 

Aug 

0.0 

432.0 

67 .0 

535.6 

68.4 

419.6 

67.7 

439.9 

71  .4 

452.0 

Sep 

0,0 

318.3 

61.3 

402.3 

58.7 

324.5 

58.9 

130.4 

61 .8 

316.9 

Oct 

0.0 

177.7 

50.1 

241.6 

48.7 

224.1 

49.2 

222.6 

51.8 

214.2 

Nov 

0.0 

96.7 

38.4 

120.5 

32.0 

122.2 

34.1 

126.1 

35.4 

134.0 

Dec 

0.0 

63.2 

31.3 

80.0 

18.0 

92.4 

20.9 

94.9 

21.8 

100.2 

Ann 

0.0 

285.9 

49.8 

347.5 

43.1 

307.1 

43.7 

309.9 

46 . 4 

314.8 
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STATE: 

Hiseonsin 

Wisconsin 

STATION: 

Madison 

Milwaukee 

LATITUDE: 

4308N 

4257N 

LONGITUDE: 

8920W 

8754W 

ELEVATION: 

262 

211 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

TO 

139.) 

19.4 

Feb 

218.1 

22.5 

199.8 

Mar 

30.2 

308.1 

31.4 

295.3 

Apr 

45.3 

379.3 

44.7 

391.3 

r 

May 

56.0 

472.8 

54  2 

479.7 

Jun 

65.8 

528.4 

64.5 

536.3 

Jul 

70.1 

524.7 

69.9 

532.1 

Aug 

68.7 

463.3 

69.2 

466.3 

O 

Sep 

59.7 

352.5 

61.1 

355.4 

Oct 

49.9 

247.1 

51.0 

246.3 

Nov 

34.7 

136.8 

36.5 

142.3 

Dec 

21.9 

105.5 

24.2 

102.7 

Ann 

44.9 

323.0 

45.7 

323.1 

STATE: 

Wyoming 

Wyoming 

STATION: 

Cheyenne 

Rock  Springs 

LATITUDE: 

4109N 

4136N 

LONGITUDE: 

10449W 

10904W 

ELEVATION: 

1872 

2056 

MONTH 

TEMP 

INSLN 

TEMP 

INSLN 

Jan 

26.6 

207  J 

19.2 

199.4 

Feb 

29.0 

289.6 

23.4 

295.5 

Mar 

31.6 

388.7 

28.9 

415.0 

Apr 

42.7 

480.2 

40.1 

527.3 

May 

52.4 

541.0 

50.4 

635.9 

Jun 

61.3 

612.5 

58.9 

698.3 

Jul 

69.1 

604.9 

68.2 

690.9 

Aug 

67.6 

533.2 

66.1 

607.6 

Sep 

58.2 

452.3 

56.4 

497.1 

Oct 

47.9 

336.8 

44.7 

354.2 

Nov 

35.5 

223.2 

30.7 

224.1 

Dec 

29.2 

182.0 

22.6 

176.5 

Ann 

45.9 

404.3 

42.5 

443.5 

West  Virginia 

Charleston 

382  2N 

8136W 

290 

TEMP  INSLN 

West  Virginia 

Huntington 

3822N 

8233W 

255 

TEMP  INSLN 

Wyoming 

Casper 

4255N 

10628W 

1612 

TEMP 

INSLN 

111  r 

34.5“ 

TO 

23  2 

185.3 

36.5 

191.6 

36.1 

205.3 

26.8 

274.9 

44.5 

273.8 

44.3 

289.4 

31.0 

390.9 

55.9 

367.7 

55.7 

392.7 

42.7 

500.9 

64.5 

444.7 

64.5 

463.9 

52.7 

597.7 

72.0 

481.7 

72.4 

500.1 

61.9 

678 . 5 

75.0 

456.4 

75.3 

479.8 

71.0 

687.5 

73.6 

410.8 

73.9 

428.6 

69.6 

603.6 

67.5 

345.0 

67.7 

354.2 

58.7 

474.5 

57.0 

263.7 

57.1 

272.3 

47.7 

330.6 

45.4 

166.3 

45.5 

172.9 

33.9 

207.6 

36.2 

119.4 

36.0 

126.7 

26.2 

161.2 

55.2 

304.7 

55.2 

319.0 

45.4 

424.4 

Wyoming 

Sheridan 
4446N 
106 58W 
1209 

TEMP  INSLN 

TlTT)  UOTT 

25.9  213.8 

31.0  326.8 

43.6  417.0 

53.1  510.7 

61.1  584.8 

70.4  631.7 

69.2  544.1 

57.9  407.4 

47.8  272.7 

33.4  160.3 

25.5  119.7 

45.0  360.8 
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APPEND] 

AVAILABILITY  OF  POND-SUITABLE 
COMMERCIAL  AND  INSTITUTII 

CASE  STUDY  RESULTS  BY  THE  BENHAM  < 


i 


i 

i 


c- 


Legend 


I - Totel  undeveloped  comernel  ecreege 


B • foul  city  pond-iulteble  lend 


J - Totel  undeveloped  coenerc  lei  pond- 
tulleble  lend 


C - Totel  city  developed  ecreege 


0 • Totel  city  developed  pond-iulteble 
lend 


C - Totel  city  undeveloped  ecreege 


F - Totel  city  undeveloped  pond- 
tulteble  lend 


6 - ToUl  undeveloped  retldentlel 
ecreege 


K • Totel  undeveloped  inititutionel  ecreege 


L - Totel  undeveloped  intt i tutione I pond- 
iulteble  lend 


Cltlneted  pond-tuitebl 
the  tcele  of  the  greph 


■teble  ecreege  It  below 
greph  ( 100) 


• Citlneted  undeveloped  end  pond-iulUble 
rt  ecreege  li  below  the  scele  of  the  greph 

*U  («100) 


H - Totel  undeveloped  retldentlel  pond- 
luiteble  lend 


Note:  Acreege  ettieutei  ere  on  e logertthalc 

tcele 


Figure  C-l.  Availability  of  Pond-Suitable  Land:  Legend 


ORIGINAL  PAGE 

OF  POOR  QUALITY 


ORIGINAL  FACE  13 
OF  POOR  QUALITY 


ORIGINAL  PAGi 

OF  POOR  QUALITY 


III 

t-  3 _l 


iih 


O O O o o o © 
oeqo  o o © 
,C  O ' o o u 

• r • 


k v////////////y/y^ 


Sotose  e 

O O o O o O 

O oo  o o o o o 


i i i — r 


>00000  o o 
■t  op  o p o o 

£,••*  • r « • 


< 

Q. 


v 

I 


g 

I 

A 


I 


stoy 


Figure  C-3.  Availability  of  Pond-Suitable  Land:  Atlantic  Northeast  Region 
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Figure  C-5.  Availability  of  Pond-Suitable  Land:  Great  Lanes  Region 
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Figure  C-9.  Availability  of  Pond-Suitable  Land:  Red  River  Region 
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Figure  C-12.  Availability  of  Pond-Suitable  Land:  Tennessee  Valley  Region 
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Figure  D- 1.  Land-Value  Comparisons:  Legend 
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Figure  D-3 . Land-Value  Comparisons:  Atlantic  Northeast  Region  (10^$/ acre) 
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Figure  D-4 . Land  Value  Comparison: 


Blackhills  Region  (lO^i/acre) 
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Figure  D-5 . Land-Value  Comparison: 


Great  Lakes  Region 
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Figure  D-7.  Land-Value  Comparisons:  Hawaii  Regions  (103$/acre) 
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Figure  D-9.  Land-Value  Comparisons:  Red  River  Region  (103$/acre) 
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Figure  D-12.  Land-Value  Comparisons:  Tennessee  Valley  Region  (10^$/acre) 
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Table  E-2  Average  Cost  of  Finished  Residential  Lots  by  States,  1976-1980. 


Average  Cost  of  Finished  Average  Cost  of  Finished 

Residential  Lots  by  States  Residential  Lot/ft- 

1976-1980  1976-1980 


State 

1976 

1977 

5978 

1979 

1980 

State 

1976 

1977 

1978 

1979 

1980 

Hawaii 

1 — 

S — 

S _ 

) — 

S62  5I6 

Alabama 

»0  48 

SO  47 

SO  48 

SO  55 

SO  55 

California 

16018 

17  17| 

19  901 

28  466 

30  853 

Alaska 

— 

— 

2 27 

2 27 

300 

Washington  DC 

- 

— 

- 

21.409 

23.732 

Arizona 

0 27 

0 25 

091 

1 15 

1 28 

Aljskd 

— 

— 

22  295 

23  512 

Arkansas 

0 46 

1 13 

0 75 

0 71 

0 85 

Maryland 

14  690 

1 3 640 

15  624 

17.788 

20  408 

California 

1 57 

1 78 

2 07 

296 

3 68 

Virginia 

11.915 

1 1.567 

12  652 

15.754 

19.535 

Colorado 

0 95 

1 09 

1 25 

1 44 

1 70 

Connecticuf 

12  694 

14.839 

16.175 

20  547 

19497 

Connecticut 

044 

0 45 

0 49 

0 63 

064 

Illinois 

10  641 

11  917 

14.302 

16484 

19219 

Delaware 

0 40 

0 42 

0 77 

0 45 

0 45 

N Jersey 

15809 

14  236 

1)  983 

16  083 

17.898 

Wash  DC 

— 

— 

— 

9 43 

II  39 

Oregon 

7 507 

8 985 

II  458 

14  205 

16243 

Florida 

0 95 

096 

1 02 

1 13 

1 18 

Ohio 

12533 

12  859 

14  471 

16015 

16858 

Georgia 

0 45 

0 47 

0 47 

052 

0 57 

Pennsylvania 

8 441 

11.278 

11.910 

14  462 

15  754 

Hawaii 

— 

_ 

_ 

_ 

1038 

Louisiana 

7 968 

8 537 

10  580 

13.107 

15  328 

Idaho 

050 

0 67 

0 89 

1 07 

1 16 

Vermont 

— 

— 

11.183 

13.010 

15  163 

Illinois 

1 09 

1 11 

1 42 

1 57 

1 82 

Massachusetts 

— 

— 

12.721 

14028 

15045 

Indiana 

050 

0 52 

058 

069 

0 74 

Rhode  Island 

— 

_ 

— 

13.320 

14  908 

Iowa 

0 75 

0 69 

090 

0 97 

1 00 

Washington 

6971 

8 222 

9,494 

12014 

14  846 

Kansas 

0 75 

0 93 

096 

1 08 

1 14 

Minnesota 

6917 

7 716 

10631 

12,757 

14.662 

Kentucky 

0 87 

0 79 

0 70 

0 78 

0 89 

Wisconsin 

9327 

10  607 

12.581 

14  286 

14  620 

Louisiana 

061 

0 65 

0 95 

1 21 

1 34 

Colorado 

8 288 

9493 

10  952 

12613 

14  580 

Maine 

0 16 

0 12 

0 14 

0 17 

0 19 

New  York 

10.048 

11.357 

12  853 

12  360 

13  989 

Maryland 

1 07 

095 

096 

1 16 

1 48 

Utah 

6 990 

8288 

11.025 

13  412 

13  899 

Massachusetts 

0 35 

0 40 

0 49 

048 

0 49 

Michigan 

10.102 

10  063 

10.713 

12  986 

13  687 

Michigan 

0 72 

0 65 

0 73 

0 95 

096 

Nevada 

7,305 

8334 

10  420 

1 1 594 

13  382 

Minnesota 

048 

051 

0 71 

0 87 

099 

N Hampshire 

9 124 

10  199 

12  024 

13068 

13.135 

Mississippi 

041 

0 47 

0 63 

0 70 

0 74 

Florida 

10  196 

10  442 

11  059 

12  049 

12  735 

Missouri 

0 79 

0 83 

0 85 

0 89 

1 01 

Kansas 

8 362 

10  387 

10  922 

1 1.801 

12  223 

Montana 

0 78 

084 

0 74 

1 06 

1 04 

Missouri 

8 365 

9 354 

9 707 

10  427 

12079 

Nebraska 

069 

071 

083 

096 

1 13 

Montana 

— 

— 

10  717 

12  160 

1 1 924 

Nevada 

0 55 

0 89 

1 03 

0 76 

1 82 

Tesas 

6 83. 

7 593 

8 537 

9 686 

II  822 

New  Hampshire 

0 25 

0 25 

0 49 

051 

060 

Iowa 

7 131 

7 385 

9 891 

10  589 

1 1 659 

New  Jersey 

0 79 

084 

0 87 

098 

1 II 

Idaho 

6 144 

7.579 

9 7)5 

10  868 

11  469 

New  Mrsico 

0 72 

086 

096 

1 00 

1 13 

Delaware 

1 1 19) 

12  075 

1 1 194 

10  097 

11.370 

New  York 

0 73 

086 

0 57 

0 70 

0 79 

W Virginia 

7 195 

8 204 

10  4 78 

10  665 

11  058 

N Carolina 

0 34 

044 

044 

048 

047 

N Mexico 

7912 

7 413 

9 184 

9 460 

II  Oil 

N Dakota 

0 42 

0 45 

0 48 

0 53 

086 

Oklahoma 

7312 

7919 

9816 

10641 

10.785 

Ohio 

0 65 

084 

0 95 

1 14 

1 IB 

Indiana 

7 634 

8 109 

8915 

10  303 

10  665 

Oklahoma 

0 59 

0 63 

080 

0 92 

1 00 

Georgia 

8610 

8 688 

9.160 

9 838 

10  476 

Oregon 

0 77 

1 02 

1 28 

1 56 

1 75 

Kentucky 

9 766 

9031 

8 807 

9 742 

10.353 

Pennsy  Ivama 

0 46 

0 59 

061 

0 73 

0 78 

Nebraska 

6315 

6 606 

7601 

8 725 

10  158 

Rhode  Island 

— 

0 12 

0 36 

040 

0 42 

Mississippi 

— 

4 750 

9 295 

9.174 

9 402 

S Carolina 

038 

0 71 

0 63 

0 65 

062 

Alabama 

7.129 

7 935 

8 875 

9 549 

9 300 

S Dakota 

063 

066 

0 51 

0 49 

063 

N Dakota 

— 

— 

_ 

7821 

9 200 

T ennessee 

0 62 

061 

0 49 

0 69 

0 79 

Tennessee 

8 168 

8 439 

8091 

9217 

9 165 

Tesas 

0 69 

081 

091 

096 

1 18 

N Carolina 

7 842 

7 789 

8.23 1 

9 168 

9 069 

Utah 

0 87 

0 94 

1 18 

1 19 

1 46 

S Carolina 

— 

7 907 

8 175 

8 702 

8 865 

Vermont 

0 40 

0 41 

0 65 

0 44 

0 70 

S Dakota 

5917 

7 163 

7 684 

8 526 

8500 

Virginia 

087 

080 

0 97 

1 19 

1 42 

Ar  kansas 

— 

12  811 

12  375 

— 

8 411 

Washington 

062 

0 70 

0 89 

1 01 

1 26 

Marne 

5 261 

5.251 

6 111 

7 026 

7 849 

W Virginia 

050 

0 56 

064 

0 73 

0 67 

Wyoming 

Wisconsin 

0 57 

062 

0 70 

088 

0 92 

* i 

Wyoming 

1 00 

N4 

NA 

1 80 

US  Total 

r 44 ; 

9 8A0 

10  841 

12291 

116)9 

U S Total 

0 77 

0 80 

('8  7 

0 96 

1 06 

Source:  tiomer  Movt  Institute  1981. 
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Table  E-3.  Land  Price  Index  and  Cost/ft^  of  Residential  Land  ($) 


Land  Pnca  lnd»» 


North 

North 

^onth 

National 

£441 

Crmrii 

South 

*t»t 

19^9-  1 

114  6 

1047 

1195 

1092 

119  3 

2 

116  3 

1046 

121  4 

III  8 

1208 

3 

1166 

105  4 

1225 

112  5 

122  1 

4 

1179 

1042 

123  9 

1138 

123  7 

5 

119  2 

1046 

1238 

1 14  6 

124  9 

6 

1203 

105  7 

1253 

1158 

125  5 

7 

121  3 

I1"*  1 

126  1 

1 186 

127  2 

8 

123  9 

104  6 

127  4 

1223 

1292 

<1 

125  4 

1066 

127  7 

125  4 

l JO  3 

10 

1262 

107  0 

128  9 

124  0 

1302 

II 

1269 

107  4 

1309 

126  3 

1309 

12 

128  5 

107  0 

133  5 

127  8 

132  1 

I960  1 

1309 

1069 

1342 

1304 

134.5 

2 

1307 

107  6 

135  6 

1300 

137  5 

3 

133  2 

107  5 

1380 

131  9 

1368 

4 

1347 

105  8 

1360 

1336 

1406 

5 

137  7 

106  8 

139  6 

1367 

145  0 

6 

139  2 

1060 

1423 

139  2 

146.2 

7 

141  7 

10' 9 

143  5 

142  1 

1469 

S 

1427 

1066 

1448 

1424 

151.2 

9 

1445 

1066 

144  7 

1442 

152  9 

10 

1444 

1060 

145  2 

1454 

153  6 

II 

1449 

1 10  1 

147  3 

144  4 

155  1 

12 

1446 

110  7 

147  9 

1443 

1549 

1961  1 

145  7 

1130 

145  7 

146  1 

1566 

2 

145  6 

1159 

145  1 

147  7 

155  2 

3 

145-3 

113  3 

142  0 

1464 

1542 

fQO'NOTt 


Cost  Per  Square  Foot  of  Residential  Land  On  dollars) 

Source 

1970 

197t 

1972 

1973 

1974 

1975 

1976 

1977 

1976 

1979 

1980 

Home  Ovnef%  Warrant*  Corp 

rva 

rva 

rva 

rva 

rva 

0 78 

077 

080 

0 67 

095 

1 05 

Bureau  o*  the  Cmvuv  (C  23) 

rva 

rva 

rva 

rva 

050 

050 

0 76 

0 76 

085 

1 04 

1 19 

FHA  20 >b)  (Nrs*  Home*) 

0 92 

1 04 

1 32 

1 24 

1 34 

1 15 

1 07 

1 07 

1 36 

1 63 

207 

FMA  203iMiEj6.vt.nq  Hornet ) 

066 

064 

070 

075 

0 74 

091 

092 

092 

1 16 

1 25 

1 71 

PM4  245  (Nr»  Nomeil 

rva 

rva 

rva 

rva 

rva 

rva 

rva 

rva 

rva 

1 65 

1 99 

FHA  245  (Ej'tlinq  Hornet) 

rva 

rva 

447 

497 

536 

712 

724 

744 

1024 

1 050 

1 160 

Farm  «Ruf«i  Ret4<Jent»«t)* 
Form  (All  Other  RevOentiat 

»va 

rva 

316 

622 

446 

1 1 10 

751 

946 

624 

1 596 

1215 

Umi* 

“Co*  •*'  •r»?  Ho*  •*•*«*«* 

244 

356 

266 

292 

340 

436 

528 

654 

591 

616 

779 
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APPENDIX  F 

NATURAL  RESOURCES  AND  PHYSICAL  CONDITIONS 
PERTINENT  TO  SOLAR  PONDS:  WATER 
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Figure  F-10.  Depth  to  Saline  Groundwater  (Sour-  M Geraghty,  et  al,  1973) 


Water  Laws 


Ground-Water  Laws 


Figure  F-I2.  Summary  ot  Groundwater  Laws  (Source:  Geraghty,  el  al,  1^73) 
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meteorological  and  hydrogeological  CONDITIONS: 
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NORMAL  DAILY  AVERAGE  TEMPERATURE  (°F) 


MARCH 


Figure  G-J . Ambient  Temperature  ( °F ) , March  (Source:  U.S.  Dept,  of  Commerce,  1979) 
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Ambient  Temperiture  (°F),  April  (Source:  U.S.  Dept,  of  Commerce,  1979) 
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NORMAL  DAILY  AVERAGE  TEMPERATURE  (°F) 


JULY 
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Figure  G-7.  Ambient  Temperature  (°F),  July  (Source:  U.S.  Dept,  of  Commerce,  1979) 
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Figure  G-8 . Ambient  Temperature  (°F),  August  (Source:  U.S.  Dept,  of  Corooerce,  1979) 
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Figure  G-9 


Ambient  Temperature  (°F),  September  (Source 
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Figure  G- 1 1 • Ambient  Temperature  (°F7,  November  (Source’.  U.S.  Dept,  of  Commerce,  1979U 
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Figure  G-12.  Ambient  Temperature  (°F>,  December  (Source:  U.S.  Dept,  of  Commerce, 
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G.2  METEOROLOGICAL  AND  HYDROGEOLOGICAL  CONDITIONS:  EVAPORATION 


MEAN  ANNUAL  CLASS  A PAN  EVAPORATION 
„ (In  Inches) 


Figure  G-13.  Mean  Annual  Class  A Pan  Evaporation  in  Inches  (Source:  U.S.  Dept,  of  Commerce,  19?9) 
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Figure  G-li.  Mean,  Annual  Class  A Pan  Coefficient  in 
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METEOROLOGICAL  AND  HYDROGEOLOGICAL  CONDITIONS: 


PRECIPITATION 
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F igure  G-17 


Average  Annual  Number  of  Days  With  Hail  (Source:  Geragnty,  et  al , 1973) 
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PREVAILING  DIRECTION  AND  MEAN  SPEED  (M.P.H.)  OF  WIND 
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Prevailing  Direction  ana  Mean  Speed  (mpn)  of  Wind,  February 
(Source:  U.S.  Dept,  of  Commerce,  1979) 
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Figure  G-22 
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Figure  G-24.  Prevailing  Direction  and  Mean  Speed  (mph)  of  Wind,  June 
(Source:  U.S.  Dept,  of  Commerce,  1979) 
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Figure  G-26.  Prevailing  Direction  and  Mean  Speed  (mph)  of  Wind,  August 
(Source:  U.S.  Dept,  of  Commerce,  1979) 


££- 


o 


[ 


^PREVAILING * DlRECTloiT^ND^EAN  SPEED  (M.P.H.)  OF  WIND  . ^ Ail 
A ..  OCTOBER  — > 


Arrows  - r ^ 

with  wind.  ^ 


r 28  Prevailing  Direction  ana  Mean  speed  C*pn>  of  Wind.  October 
Fir’irP  2 * (Source:  U.S.  Dept,  of  Conferee,  1979) 


ORIGINAL  P-Av  c.  IS 
OF  P0°*  ^"ALiiy 


PREVAILING  DIRECTION  AND  MEAN  SPEED  (M.P.H.)  OF  WIND 


NOVOIBER 


NOTE 


Figure  G-29.  Prevailing  Direction  and  Mean  Speed  (mph)  of  Wind,  November 
(Source;  U.S.  Dept,  of  Coimnerce,  1979) 
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\ 

DETAILED  DESCRIPTION  OF  THE  JPL  SOLAR  POND  PERFORMANCE  MODEL 
H . I MATH  EMAT I CAL  FORMl!  LAT  l ON 

H.I.l  DIFFERENTIAL  EQUATION  AND  BOUNDARY  CONDITIONS 

The  temperature  distribution,  T(t,z)  Is  given  by 

(?Cp)fOT/at)  - kfO2T/0z2)  + Q(t,z)  (1) 

in  the  middle  non-convect  ing  zone  (MN7.)  and  by 

(PC  ) OT/dt)  - W (a2T/az2)  (2) 

PR  R 


In  the  ground  (CRD),  where 

T - temperature  (°C) 

p - fluid  or  ground  density  (kg/m^) 

Cp  - fluid  or  ground  specific  heat  (W  - s/kR  - °C) 

k - fluid  or  ground  thermal  conductivity  (W/m  - °C) 

Q “ volumetric  Insolation  absorption  rate  (W/m^) 

t * time  (s)  from  January  l,  12:00  A.M. 

z - depth  below  pond  surface  (m) 

and  the  subscripts  f and  g denote  fluid  and  ground,  respectively. 

Equations  (1)  and  (2)  mav  be  solved  by  the  method  of  finite 
differences.  The  JPL  code  Is  derived  from  an  explicit  formulation  with  time 
and  depth  Increments  of  At  ■ 21,600  s - 0.25  days  and  A*  “ 0*1  respectively. 
The  thermal  circuit  Is  shown  In  Figure  H-l. 

The  temperature  of  the  upper  converting  zone(UCZ)ls  specified  hy  a 
curve  fit  to  monthly-averaged  ambient  temperature  values.  Diurnal 
fluctuations  are  not  considered. 

T - A'  + B'  sin  [ 2rr( t - C’)/(365  x 86,400)|  °C  '3) 


H-2 


The  initial  condition  sets  the  water  temperature  at  the  ambient  tem- 
perature given  by  Equation  3 and  the  ground  temperature  (to  a depth  of  10  m) 
at  the  annual-average  temperature. 


H.1.2  Energy  Extraction 

In  order  to  approach  constant  daily  output  from  the  power  plant, 
the  solar  pond  must  store  summer  energy  for  release  in  the  winter.  This  will 
necessitate  a storage-zone  temperature  that  rises  during  the  summer  months  and 
falls  during  the  winter  months.  Ormat  has  found  that  the  temperature  will 
vary  sinusoidally,  peaking  in  the  fall  and  dropping  to  a minimum  in  the  spring. 


T'lCZ  “ A"  + B"  Sln  l27r<t  " c")/<365  x 86,400)]  °C  (4) 


Several  operational  options  have  been  programmed  for  control  of  the 
model.  In  one  option  the  lower-zone  temperature  is  contained  on  the  high  side 
by  Equation  4.  Thus  the  storage  temperature  is  given  by 


\cz  - -l"  't'lcz,t"lcz1  °c  (5> 

T LCZ  *s  t*le  temperature  the  (LCZ)  for  the  case  of  no  heat 
extraction  and  is  given  by  Equation  1. 

The  rate  of  heat  extraction  for  time  step  n is  given  by 

- “«  <'VfA  “lCZ  * lrW»  - rLCZ(")|/At}  “ <6> 

where  A is  the  solar  pond  area  (m^)  and  D^cz  Is  the  thickness  of  the  LCZ  (m). 

A second  control  option  accepts  monthly  energy  delivery 
requirements  with  a minimum  limit  on  storage  temperature.  The  energy  delivery 
schedule  is  satisfied  so  long  as  the  LCZ  temperature  remains  above  the 
specified  minimum.  Below  the  specified  minimum,  no  energy  is  extracted. 


H.l.3  Insolation  Source  Function 

The  rate  at  which  insolation  reaches  a depth  z is  given  by 


i - r(t)  p(jg)  rn(t) 


(7) 


where  P ' a polynomial  fit  to  the  data  presented  in  Figure  H-2.  The  path 
length  is  given  by 


£ m z / cos  r 


(8) 
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PATH  LENGTH  (m) 


(1)  CLEAR  LAKE  WATER 

(2)  CONTINENTAL  SLOPE 

(3)  CONTINENTAL  SHELF 

(4)  BAY  WATER 


1 meter  = 3.2808  ft 


Figure  H-2 . Transmittance  Data  for  Four  Water  Types  (Source:  Ormat  Turbines,  Ltd.  1981) 


where  r is  the  angle  of  refraction  and  is  given  by 


r - sin-*  (slni/N)  (9) 

1 ■ cos” ^ [sin  8 sin  L — cos  8 cos  L cos  (2rrt/86, A00)  ] , and 
N - 1.33  is  the  index  of  refraction  (10) 


where  i is  the  angle  of  incidence  and  L is  the  site  latitude.  The  solar 
declination  8 is  given  by 


8 - 0.409  sin  •[  27rtt  - (79  x 86,400)]/(365  x 86,400)}  (11) 


The  function  X(t)  is  the  rate  of  insolation  just  penetrating  the 
pond  surface.  Eighty-five  percent  of  insolation  is  assumed  to  be  direct  and  the 
remainder  hemispherically  distributed  diffuse  radiation. 


X(t)  - [0.850(0  + 0.14]  I * ( t ) 


(12) 


where  11  of  the  diffuse  radiation  is  reflected.  0(t)  is  the  fractional 
penetration  of  direct  insolation  and  is  computed  from  the  Fresnel  equations: 


5 2 2 2 

0(t)  - 1 - 0.5  [(sin  (i  - r )/sin  (l  + r)  + tan  (i  - r)/tan  (i  + r)]  (13) 


The  fractional  penetration  of  insolation  through  the  floating  wave-suppression 
network  is 


r (t)  - 0.71  + 0.29  ( 0.88  + 0.06  sin  i 2rr[  t - (79  x 86,400))/ 

- -.Vo,})  ' 


(365  x 86, 


(14) 


The  insolation  incident  on  the  pond  surface,  I'(t),  is  assumed  to 
vary  diurnally  as 


l IM(t)  0.8Sec(1)cos(i )/f 0.8Sec(1)cos(i)  dt  W/m‘ 

Tl(t)  . " 

v 7 \ * between  sunrise  and  sunset 

( ° 


W/m 


(15) 


between  sunset  and  sunrise 


where  the  limits  on  integration  are  sunrise  and  sunset  on  a given  day.  The  JPL 
code  assumes  that  insolation  varies  over  the  year  according  to 


l”(t)  - a 


+ b sin  | 27Tjt  - (73  x 86,400)]/(365  x 86,400) 


(16) 


+ c cos  | 2tt| t - (73  x 86,400)]/(365  x 86,400)}  W/m 
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The  constants  a,  b,  and  c are  determined  by  a curve  fit  to  monthly  Insolation 
values. 


The  JPL  code  also  allows  for  a more  exact  treatment  of 
transmittance  as  a function  of  wavelength  and  salt  concentration.  The 
dependence  of  transmittance  on  concentration  appears  to  be  Important  at  least 
for  the  case  of  Salton  Sea  water  and  Is  discussed  more  completely  elsewhere 
(Marsh,  et  al  1981). 


The  more  precise  treatment  Is  accomplished  by  substituting 
P(J2 ) In  Equation  7,  where 


r^.T  for 


T )T  * /r<X’>  ^(XMdX*  / y*f(X’)dX’  (17) 

i X X 

a’ d f ( X)  Is  the  continuous  distribution  function  for  insolation  over  all  wave- 
lengths, X.  The  denominator  In  Eq.  (17)  is  unity,  by  definition.  It  Is 
assumed  that  the  absorption  of  insolation  Is  proportional  to  intensity 
(Lambert's  Law), 


d T ( X)/d  jfi  - -k(X,C) T (X) 


(18) 


where  klX,C)  Is  an  absorption  coefficient.  Integrating  over  path  length, 


r (X)  “ rQ  (X)  exp  [ - /k(X,C)  di'  ] 

JSl 


(19) 


and  the  constant  of  Integration,  T0(X),  Is  set  equal  to  unity  for  all 
wavelengths . 

For  computational  purposes,  discrete  variables  are  substituted  for 
continuous  variables  and  the  transmittance  is  averaged  over  the  m wavelength 
bands  as  follows: 


m 


j2,t 


Z f,  v Z f,  - Z f 

1-1  1-1  1-1 


i ri,i 


(20) 


and 


ri. , •*«"  i -/vc>  dl'i 


(21) 
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The  required  input  is  kj/C),  which  is  derived  from  spectrophoto- 
metrlc  data  for  a set  of  homogenous  water  samples. 


kt(C’)  - ( ln(  - Tjj,  t)J /A'  (22) 

where  C'  and  j2'  pertain  to  a particular  sample. 

Figure  H-3  shows  transmittance  as  a function  of  wavelength  for 
Salton  Sea  water  and  derived  brines.  At  present,  no  method  has  been  estab- 
lished for  automated  transfer  of  spectrophotometric  data  to  the  computer. 
Therefore,  an  approximation  has  been  made  by  averaging  of  the  data  over  each 
of  15  wavelength  bands  and  curve-fitting  the  dependence  on  concentration  with 
a first  order  polynomial. 


kt(C)  - at  + bt(C) 


(23) 


A further  approximation  is  made  by  setting  either  aj  or  bj  to 
zero  for  all  wavelength  bands,  thereby  reflecting  the  rough  equivalence  of 
transmittance  values  only  when  these  values  are  close  to  unitv.  Tabulated 
data  for  settled  and  filtered  Salton  Sea  water,  filtered  and  carbon-treated 
Salton  Sea  water,  and  distilled  water  are  shown  in  Table  H-l.  Assuming  that 
the  concentration  gradient  varies  linearly  with  depth, 


C ■ d + e z 


(24) 


Tn  t can  be  computed  using  data  presented  in  Table  H-l  and  Eqs.  (20)  and 
(21).  The  path  length  H is  computed  by  Eq.  (8)  for  a given  depth  z and  time 
t . 


The  parameters  remaining  to  be  specified  are  the  thermal  properties. 
Data  for  density  ( p) , thermal  conductivity  (k)  and  heat  capacity  (Cp)  are 
available  in  the  literature  (M.W.  Kellogg  Co.,  1965,  and  Washburn,  1926).  It 
is  convenient  to  curve-fit  the  property  dependence  on  temperature  and  salt 
concentration.  For  aqueous  solution  of  NaCl  and  MgCl2,  the  density  (kg/m^) 

Is  given  by 


/>  - 16.018463  (63.06211874  + 42.93573858  C 

NaCl 

- 0.0075307525  (1.8  T - 32)  - 0.0107216945  C (1.8  T - 32)  + (25) 

+ 18.25969526  C2-  0.0000363288  (1.8  T - 32) 2 ] 

- 1000  (1.00522405  + 0.774055163  C - 0.0002484006  T 

“gCl  2 

+ 0.0001361628  CT  + 0.3993658493  C2  - 0.0000018661  T2)  (26) 
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Figure  H-3 . Transmittance  as  a Function  of  Wavelength  for  Salton  Sea  Water 
and  Derived  Brines,  5-cm  Path  Length  (Marsn,  et  al,  1981) 


Table  H-l.  Spectral  Bands  and  Band  Extinction  Coefficients3 


Constants  for  Calculating  band  Extinction  Coefficient  lkt  * aj  ♦ bj  C) 


Band 

i 

Band 

i 

Limi  C s 
run 

Settled,  Filtered 
Sal  ton  Sea  Water 
aj(m“l)  bj(oi~^) 

Carbon- 
Sal  ton 
a i ( m" 1 ) 

Treated 
Sea  Water 
b j ( m“ 1 ) 

Distilled 
Wa  ter 

band  Insolation 
Frac  t ion 
»i 

i 

200 

- 

320 

0.0 

1278.0 

0.0 

349.0 

2.4 

0.0 

0.0005 

2 

320 

- 

370 

0.0 

422.0 

0.0 

115.0 

0.7 

0.0 

0.0114 

3 

370 

- 

410 

0.0 

.0 

0 .0 

31.7 

0.4 

0 .0 

0.0227 

4 

410 

- 

440 

0.0 

64.8 

0.0 

14 . 3 

0.3 

0.0 

0.0312 

5 

440 

- 

470 

0.0 

38 . 5 

0.0 

8.71 

0.2 

0.0 

0.0*20 

6 

470 

- 

500 

0.0 

2 3.1 

0.0 

4.6d 

0.1 

0.0 

0.0482 

7 

500 

- 

5 30 

0.0 

23.1 

0.0 

1.98 

0.1 

o.u 

0.0*37 

8 

530 

- 

370 

0.0 

8.51 

0.0 

0.917 

0.0 

0.0 

0.0642 

9 

570 

- 

720 

0.0 

->.88 

0.0 

1.24 

0.-. 

0.0 

0 .229o 

10 

720 

- 

830 

2.7 

0.0 

2.7 

0.0 

2.7 

0.0 

0 . 12  7b 

11 

330 

- 

910 

5.0 

0.0 

3 .0 

0.0 

3.0 

0.0 

0.0749 

12 

910 

- 

940 

10.3 

0.0 

10.3 

0.0 

10.3 

0.0 

0.0102 

13 

940 

- 

1 , 040 

32.  6 

0.0 

12.1 

0.0 

32.6 

9.0 

0.079b 

14 

1,040 

- 

1,110 

15.4 

0.0 

15.4 

0.0 

15.4 

0.0 

0.0*37 

15 

1,110 

- 

1 ,230 

51.3 

0.0 

3 A . 3 

0.0 

31.3 

0.0 

0.U282 

•Source:  Marsh,  et  al , Hal. 


The  thermal  conductivity,  k (W/m-°C)  Is  given 


k - 0.587  (1  + 0.00281  (T  - 20)]  (1  - dSALTC)  (27) 


where  QsALT  " 0.00248  for  NaCl  and  0.00488  for  MgCl2* 
The  heat  capacity,  Cp  (W  - s/kg  - °C)  Is  given  by 


NaCI 

c - 4184  (1.007464361  - 1.396381346  C - 0.0001150635  T (28) 

+ 0.0014280276  CT  ♦ 1.742790998  C2  ♦ 0.0000005143  T2) 

and  by 

C H#Cl2  - 4184  (C°  + AT);  C°  - 1.00070  - 1.6746  C + 1.44  C2  (29) 

P P P 


where 

!0.1  + 39  C for  C < 0.15 

2.8  + 20  C for  0.15  < C < 0.17 

4.5  + 10  C for  0.17  < C < 0.20  (30) 

6.5  for  0.20  < C < 0.24 

8.489  - 8.2  C for  0.24  < C 


Ground  thermal  properties  are  known  with  less  accuracy.  Ormat 
suggests  using  the  same  thermal  conductivity  as  saline  water.  Soil 
conductivity  Is  dependent  upon  the  type  of  soli  and  varies  over  a wide  range. 
(Eckert  and  Drake,  1972)  For  example  at  20°C,  the  conductivity  of  sandstone 
Is  about  four  times  that  of  coarse  gravelly  earth  and  three  times  that  of 
saline  water.  The  JPL  code  is  programmed  to  accept  a temperature  dependent 
range  of  soil  thermal  conductivities. 


H.1.4  Comparison  of  JPL,  Ormat  and  SERI  Model  Results 

A comparison  of  the  JPL  model  and  the  SERI  ‘'S0LP0ND"  (Jayadev  and 
Henderson,  1977)  model  results  for  electrical  output  at  Sevier  Lake,  Utah  and 
Danby  Lake,  California  was  compiled  by  the  Bureau  of  Reclamation  (1981).  The 
data  are  reproduced  here  in  Table  H-2.  The  agreement  between  the  two  sets  of 
predictions  Is  remarkably  good  In  spite  of  coding  and  input  differences. 

A comparison  was  also  made  of  JPL  and  Ormat  (Ormat  using  their  own 
in-house  program)  estimates  for  solar  pond  thermal  output  for  apartment  space 
and  domestic  water  heating  in  Madison,  Wisconsin;  Seattle,  Washington;  and 
Phoenix,  Arizona.  The  results  are  tabulated  in  Table  H-3.  The  Ormat  and  JPL 
model  runs  assumed  a water  clarity  equivalent  to  Ormat  Water  Type  #2 
(continental  slope  water).  As  shown  there  Is  a reasonable  agreement  in 
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Table  H-2.  Comparison  of  JPL  and  SERI  Solar  Pond  Model  Results11 

(Units  are  MW/km^) 


1 

1 

1 

Sevier 

SERI 

Lake 

JPL 

Danby  Lake 
SERI  JPL 

1 

Thermal  Energy 

37.1 

41.2 

50.0 

50.2  I 1 

Gross  Electrical  Energy 

4.0 

3.8 

4.8 

4.5  I 

j Net 

1 

3.1 

3.0 

3.7 

3.4  j 

aSource:  Bureau  of  Reclamation,  U.S.  DOI,  (1981) 


estimates  of  annual-average  thermal  output.  The  discrepancy  results  from 
several  factors,  Including  model  coding  and  Input  differences,  different 
thermal  ground  properties.  The  Ormat  code  assumes  that  the  ground  thermal 
conductivity  Is  that  of  brine  at  a given  temperature.  The  JPL  value  Is  three 
times  the  Ormat  value  and  therby  appears  to  more  closely  match  literature 
values  for  ground  thermal  conductivity. 

For  the  Madison  case,  two  JPL  runs  were  made,  one  with  and  one 
without  allowance  for  formation  of  a thin,  opaque  Ice  cover  when  the  average 
dally  ambient  temperature  Is  below  -6°C.  The  ice  cover  has  a duration  of 
approximately  55  days,  during  which  time  no  insolation  penetrates  the  pond 
surface.  The  annual-average  thermal  outputs  from  these  runs  are  6.4  Wth/m"  and 
9.3  Wth/m",  respectively,  as  compared  to  10  Wth/m"  from  the  Ormat  run. 

JPL  and  Ormat  model  results  are  summarized  in  Table  H-4  for  a 
*'near-baseloadM  electrical  solar  pond  at  the  Salton  Sea  In  California.  Water 
optical  clarity  Is  assumed  to  be  that  of  Ormat  Water  Type  #2  (continental  slope) 
and  #3  (continental  shelf).  The  ground  thermal  conductivity  for  all  runs  is 
assumed  to  be  that  of  saline  water,  except  as  noted.  Considering  the  many  model 
assumptions,  the  two  sets  of  results  appear  to  he  in  reasonable  agreement. 
Carbon-treatment  of  Salton  Sea  water  produces  an  optical  quality  between  Type  #2 
and  Type  #3  waters.  The  JPL  code  estimates  a net  electrical  output  of  3.43  We/m". 
The  output  rate  is  sensitive  to  the  ground  conductivity  and  reduces  to  2.98  We/m" 
when  the  conductivity  Is  Increased  by  a factor  of  3 (Table  H-4). 
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Table  H-3.  Comparison  of  Thermal  Output  Estimates  from  JPL  and  Ormat  Models 


x 


Appl icat ion 
• 

Site 

Area  (m2) 

Depth(m) 

Minimum 

Temperature 

Water 

Type 

Average 
Annual  Output 

Ormat  JPL 

Madison 

21776 

4.55 

65.6°C 

Ormat 

#2a 

Wth/m2 

10.0  6.4b 

Apartment  Space 
and  Domestic 

Seattle 

29896 

5.05 

65.6°C 

Ormat 

#2 

9.3C 

5.5  4.8 

Water  Heating 

Phoenix 

2072 

5.05 

65.6°C 

Ormat 

#2 

43.4  43.5 

aOrmat  Water  Type  #2  is  continental  slope  water. 
^With  allowance  for  formation  of  a thin  opaque  ice 
cNo  ice  cover  assumed. 

cover . 

APPENDIX  I 
LAND-USE  MAPS 

COMPILED  BY  THE  BENHAM  GROUP,  OKLAHOMA  CITY,  OKLAHOMA,  1982 


Table  I-l.  Land-Use  Map:  Legend 


1 

Urban  of  Built-Up  Land 

5 

Water 

11 

Rest  dental 

51 

Streams  and  canals 

12 

Commercial  and  services 

52 

Lakes 

1 1 

Industrial 

53 

Reserve trs 

14 

Transportat Ion,  communications 

54 

Bays  and  estuaries 

and  utilities 

IS 

Industrial  and  commercial 

complexes 

16 

Mixed  urban  or  built-up  land 

6 

Wet  land 

17 

Other  urban  or  built-up  land 

61 

Forested  wetland 

62 

Nonforested  wetland 

2 

Agricultural  Land 

21 

Cropland  and  pasture 

7 

Barren  Land 

22 

Orchards,  groves,  vineyards, 

nurseries,  and  ornamental 

71 

Dry  salt  flats 

horticultural  areas 

72 

Beaches 

23 

Confined  feeding  operations 

73 

Sand  areas  other  than  beaches 

24 

Other  agricultural  land 

74 

Bare  exposed  rocks 

75 

Strip  mines,  quarries,  and 

gravel  pits 

76 

Transitional  areas 

3 

Rangeland 

31 

Herbaceous  rangeland 

32 

Shrub  and  brush  rangeland 

33 

Mixed  rangeland 

8 

Tundra 

81 

Shrub  and  brush  tundra 

82 

Herbaceous  tundra 

4 

Forest  Land 

83 

Bare  ground  tundra 

84 

Wet  tundra 

41 

Deciduous  forest  land 

85 

Mixed  tundra 

42 

Evergreen  forest  land 

43 

Mixed  forest  land 

9 

Perennial  Snow  or  Ice 

91 

Perennial  snowflelds 

92 

Glaciers 

:| 
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Figure  l-i.  Lanu-Use/Land-Cover  Map  for  Brockton,  Mass. 


ORIGINAL  l-’AGF.  I ' 

OF  POOR  QUALITY 


Source:  USGS  1979 j. 


Scale:  1:250,000 


uand-Use/Land-Cover  Map  for  Wilkes-Barre,  Pa. 


Figure  1-2. 


ORIGINAL 

POOR 


Bozeman,  MT 


voyv 


Source:  USGS  1980a 


Figure  1-3.  LanO-Use/Land-Cover  Map  tor  Bozeman,  Mont 


ORIGINAL  t r U » 
OF  POOR  QUALITY 


Source:  USGS  1979m 


Figure  1-4. 


Land-Use/ LJiul-Cover  Map  tor  Oregon,  Ohio 
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Source:  USGS  1980c, 


Scale:  1:250,000 


F ij?  ire  l-!>.  Land-Use/ Land-Cover  Map  for  Madison,  Wis. 


ORIGINAL  PsGI  iG 
OF  POOR  QUALITY 
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ORIGINAL  PAGE  & 

OF  POOR  QUALITY 


Source:  USGS  1979c 


Figure  1-6.  Land-Use/Land-Cover  Map  for  Euclid,  Ohio 
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ORIGINAL  PAGE  IS 

OF  POOR  QUALITY 


f- 


i 

j 


Source : US6S  19791 . 


Scale:  1:250,000 
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Figure  1-7.  l.;«i»d-Use/Lan<J-Cover  Map  tor  bainbriugc,  cia. 
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ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Source:  USGS  1979a. 


Scale:  1:250,000 


ORIGINAL  PAGE  IS 
0F  P°0R  QUALITY 


Pendleton,  OR 


Source:  USGS  1980d 


FiRure  I-'i.  Land-Use/Land-Cover  Map  (or  Pendleton,  Oreg 
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* K.I  At 


ORIGINAL  PAGE  IS 

OF  POOR  QUALITY 


Waco,  TX 
City  Limits 


ORIGINAL  PAtiE  IS 

OF  POOR  QUALITY 
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ORIGIN^  WOE  IS 


Source:  USGS  1979f;  Scale:  1:250,000 

1979g. 

Figure  1-14.  Land-Use/Land-Cover  Map  for  ScoCtsdale,  Ariz. 
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■ 1 

ORIGINAL  PACiu.  L. 

OF  POOR  QUALITY 

Source:  USGS  1980b.  Scale:  1:250,000 

piRure  I — 1 S . Land-Use/Land-Cover  Map  tor  Carlsoad,  N.Mex. 
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ORIGINAL  PA 3£  's 
OF  POOR  QUALITY 


Source:  USGS  1979e 


Figure  1-16.  Land-Use/Land-Cover 


Roanoke,  VA 
City  Limits 


ORIGINAL  PAGE  IS 

OF  POOR  QUALITY 


Roanoke,  VA 


Source:  USGS  1 9 79 1 . 


Scale:  1:250,000 


Figure  I- 17.  Land-Use/Land-Cover  Map  for  Koanoke , Va. 
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APPENDIX  J 

INDUSTRIAL  PROCESS  HEAT  SECTOR 


J-l 


J.l  INDUSTRIAL  PROCESS  HEAT  SECTOR: 

LOW  TEMPERATURE  THERMAL  ENERGY  USE  BY  STATE  AND  REGION 


J-2 


Taole  J-l.  Distribution  of  Energy  Used  by  2-Digic  SIC  Code  and  State  CiO^^Btu) 


SIC 

20 

SIC 

25 

SIC 

26 

SIC 

26 

SIC 

31 

SIC 

32 

SIC 

33 

Total 

200°F 

Total 

200°F 

Total 

200°F 

Total 

200°F 

Total 

200°F 

Total 

200°F 

Total 

200°F 

REGION 

Therma l 

Therma 1 

Therma l 

Therma l 

Therma l 

Thermal 

Therma 1 

Thermal 

Therma 1 

Therma 1 

Therma l 

Thermal 

Thermal 

Therma 1 

PACIFIC  NORTHWEST 

Washington 

18.1 

4. 

.2 

- 

51.9 

1.9 

10.0 

- 

- 

- 

9.1 

. 1 

17.2 

.1 

Oregon 

7.5 

2.  1 

.2 

.2 

25.2 

3.7 

4.7 

- 

- 

- 

8.7 

.2 

8.2 

.3 

Idaho 

20.7 

8.0 

- 

- 

- 

- 

3.6 

- 

- 

- 

2.6 

.5 

- 

_ 

Subtotal 

46.3 

14.4 

574 

”77 

TTY 

575 

18.3 

”o” 

20.6 

.8 

2574 

SALT  LAKE 

N.  Cali forn i a 

39.7 

13.3 

- 

- 

15.0 

2.2 

26.3 

2.2 

- 

- 

15.2 

.1 

9.4 

.2 

Colorado 

19.9 

2.5 

- 

- 

0.8 

- 

2.1 

- 

- 

- 

14.0 

.1 

8.9 

- 

Ut  ah 

3.3 

1.  1 

- 

- 

- 

- 

2.0 

- 

- 

- 

9.2 

- 

25.8 

- 

Nevada 

0.6 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

6.9 

.3 

2.4 

Sub'  ot  a l 

6375 

6.9 

~ 

- 

7575 

772 

3574 

777 

“IT 

“6" 

45.3 

“73 

46.5 

"77 

SOUTHWEST 

Arizona 

4.0 

.6 

- 

- 

- 

- 

2.9 

- 

- 

- 

7.6 

- 

30.4 

- 

New  Mexico 

1.1 

.3 

- 

- 

- 

- 

- 

- 

- 

- 

3.6 

.2 

- 

- 

o o 

-n  jo 

S.  California 

50.5 

19.7 

1.6 

.9 

16.0 

1.8 

27. b 

2.8 

- 

84.2 

.7 

33.7 

.7 

Subtotal 

55.6 

20.6 

1.6 

.9 

16.0 

1.8 

30.5 

2.8 

0 

0 

95.4 

.9 

64.1 

.7 

-0 

RED  RIVER 
Texas 

35.3 

15. 

1.1 

.7 

42.2 

2.6 

738.3 

22. b 

93.4 

1.3 

76.0 

1.0 

11 
» r* 

K ansas 

10.5 

3.7 

0.1 

- 

2.4 

- 

27.2 

- 

- 

- 

22.8 

- 

1.2 

.4 

O ^ 
a > 
> CD 

Ok  1 ahoma 

3.7 

1.7 

0.1 

.1 

- 

- 

16.6 

• 

- 

- 

19.7 

0.1 

4.0 

_ 

Sublet  a 1 

41. 3 

20.6 

1.3 

.8 

44.6 

77b 

784.3 

777b 

0 

0 

135.9 

1.4 

81.2 

T7Z 

BLACK  HILLS 
Mont  ana 

4.2 

3.4 

6.9 

.2 

r rr\ 

3 W 

Wyomi ng 

3.5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3.5 

- 

- 

- 

N.  Dakota 

7.8 

.5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

S.  Dakota 

2.9 

2.1- 

- 

- 

- 

- 

- 

- 

- 

- 

1.9 

- 

- 

- 

Nebraska 

21.2 

7.4 

_ 

- 

0.2 

- 

13.4 

_ 

- 

- 

8.5 

.1 

2.1 

_ 

Subt  ot  a 1 

'39.6 

13.4 

0 

0 

0.2 

0 

13.4 

0 

0 

0 

20.8 

.3 

2.1 

0 

latte  J-l.  Distribution  01  Er.er^y  t»eu  oy  2-Ui^it  SIC  Coae  ana  state  ( lO^Btu;  (Cont'd) 


SIC  20  SIC  25  SIC  26  SIC  28  SIC  31  SIC  32  SIC  33 


Total  200°F 

REGION  Thermal  Thermal 


Total  200°F  Total  200°F 

Thermal  Thermal  Thermal  Thermal 


Total  200°F  loial  200°F 

Thermal  Thermal  Thermal  Thermal 


Total  200°F  Iotal  200°F 
Thermal  Thermal  The  rmal  Thermal 


I 


GREAT  LARES 


Minnesota 

38.5 

1.5 

0.3 

- 

22.2 

2.5 

4.  J 

- 

0.3 

- 

7.6 

. 1 

6.7 

.2 

Iowa 

55.9 

23.3 

0.6 

3.1 

« 

27.5 

* 

0.2 

- 

27.2 

.4 

8.3 

.5 

Wi aconain 

35.7 

17.7 

1.2 

.8 

88.9 

12.5 

7.6 

.2 

2.2 

1.9 

7.3 

.3 

16.3 

2.1 

11 l ino is 

76.2 

38.8 

2.5 

1.0 

22.6 

1.3 

82.1 

9.7 

0.6 

0.3 

50.1 

0.9 

156.2 

2.3 

Michigan 

22.0 

8.9 

3.1 

.6 

51.0 

7.6 

62.0 

6.5 

0.7 

.7 

56.6 

.7 

150.6 

7.6 

Indiana 

26.6 

10.3 

2.2 

1.5 

8.8 

.9 

26.5 

0.1 

0.1 

68.0 

0.6 

250.6 

1.7 

Ohio 

29.3 

11.0 

2.3 

- 

66.5 

b.b 

73.5 

2.5 

0.1 

- 

9b.  1 

1.6 

305.5 

5.2 

Subtotal 

286.0 

125.0 

12.0 

379 

262.9 

31.2 

279.1 

22.0 

6.2 

779 

290.7 

6.6 

896.6 

19.6 

TENNESSEE  VALLEY 

Washington,  D.C. 

0.2 

.2 

- 

* 

* 

- 

- 

“ 

- 

Missouri 

21.0 

5.0 

0.9 

.5 

2.9 

26.8 

1.5 

.5 

- 

56.2 

1.1 

16.2 

.6 

Arkansas 

9.3 

3.6 

1.0 

.7 

3-.. 9 

3. 1 

55.6 

- 

0.1 

- 

16. 8 

.2 

12.6 

- 

Kentucky 

11.9 

2.7 

0.6 

.2 

7.5 

30.6 

2.3 

(D) 

- 

9.9 

.1 

56.8 

- 

Tennessee 

17.3 

5.3 

1.6 

1.0 

27.1 

1.9 

109.2 

12.6 

O.to 

.3 

26.2 

.1 

15.3 

.5 

U.  Virginia 

1.0 

.5 

- 

- 

- 

85.2 

* 

- 

- 

23.3 

.1 

67.6 

.2 

Virginia 

11.5 

1.5 

1.9 

1.6 

62.1 

5.2 

59.7 

15.1 

- 

- 

15.2 

.6 

7.3 

1.1 

N.  Carolina 

9.7 

2.6 

6.6 

3.9 

67.6 

3.7 

39.6 

7.9 

0.3 

- 

21.5 

1.0 

5.7 

. 1 

Mary  land 

11. 1 

8.3 

0.2 

.1 

12.0 

- 

16.7 

3.7 

0.2 

- 

18.1 

.2 

29.8 

0e leva  re 

1.9 

.6 

- 

- 

1.2 

3.0 

- 

“ 

- 

- 

- 

- 

2.0 

- 

Subtotal 

96.9 

27.9 

TU72 

8.0 

175.1 

13.9 

6637b 

<•6.  3 

ITT 

”77 

ibTTI 

776 

166.6 

777 

CULF  COAST 


Louisiana 

22. 

3.1 

- 

- 

69.2 

10.6 

660.6 

6.3 

- 

- 

17.1 

.3 

60.6 

- 

5.8 

2.6 

0.8 

25.5 

- 

21.6 

.6 

(Z) 

- 

16.7 

. 1 

- 

A labama 

6.6 

2.8 

0.5 

.3 

72.6 

10.3 

68.1 

6.2 

- 

- 

30.1 

.6 

66.2 

2.3 

Georg  is 

16.2 

6.6 

0.5 

.3 

72.1 

7.5 

23.9 

.9 

0.1 

- 

28.8 

.6 

6.8 

- 

Florida 

22.6 

9.9 

0.6 

.2 

57.6 

6.0 

52.6 

(Z) 

- 

19.6 

.6 

3.3 

- 

S.  Carolina 

2.7 

.5 

36.7 

- 

28.6 

4 . 6 

66.1 

11.0 

- 

- 

20.9 

.8 

7.7 

- 

Subt  ot  s 1 

7779 

23.1 

38.9 

.8 

325.6 

36.8 

650.7 

25.0 

0.1 

0 

133.0 

1.7 

166.6 

2.3 

sQ 


II 


■a 

o 

5. 

> 


o -o 

c 5 
> o 

3s 


REGION 

SIC 

20 

SIC 

25 

SIC 

26 

Total 
Therma 1 

2U0°F 
T henna  1 

luial 
Therma 1 

2o0°F 

Therma 1 

Total 
Therma l 

2U0°F 
Therma  i 

ATLANTIC  NORTHEAST 

Pennsylvania 

31.9 

11. 0 

2.0 

0.8 

46.8 

6.6 

New  Jersey 

20.5 

4.9 

0.8 

0.3 

24.3 

2.7 

Nt*w  York 

29.8 

10.3 

2.1 

0.9 

39.5 

5.2 

Connec  t ic  ut 

2.4 

0.4 

0.4 

0.2 

6.6 

0.9 

Rhode  Island 

1.6 

- 

- 

- 

1.4 

- 

Massachuset  t s 

7.5 

2.3 

1.1 

0.9 

21.6 

2.0 

New  Hampshire 

1.1 

0.  3 

0.1 

- 

11.5 

1.7 

Vermont 

1.2 

0.6 

0.2 

- 

2.7 

M.l  1 ne 

4.3 

1.5 

0.1 

- 

55.8 

2.2 

Subt  ot  a l 

TO 

o 

T7T 

212.2 

25.3 

HAWAl I 

5.9 

O.b 

- 

- 

- 

- 

ALASKA 

1.4 

- 

- 

- 

- 

- 

PUERTO  RICO* 

- 

- 

- 

- 

- 

- 

GRAND  TOTAL** 

815.0 

284.0 

cr* 

>c 

w 

17.7 

1110.0 

120.0 

•No  i nf Drmat  ion  given  on  energy  consumption. 
**Numb»*rs  may  not  add  due  to  rounding. 

(D)  Notation  would  reveal  proprietary  information. 
(Z)  Statistically  insignificant. 


-digit  alC  u-ue  ,r.u  Mate  (iOubti*/  (Concluded) 


SIC 

28 

SIC 

31 

SIC 

32 

SIC 

33 

total 

200°F 

Total 

20'J°F 

Total 

200°F 

Total 

200°F 

Therma  1 

Thermal 

The  rma 1 

The  rma l 

Therma  1 

Thermal 

Thermal 

T he  rr.a  1 

53.2  9.  b 1.6  1.4  96.2  l.l  374.4  2.8 

78.4  7.0  0.5  0.3  40.4  0.3  15.6 

5b.7  1.6  ( D j 1.5  37.9  0.5  53.5  0.9 

9.2  0.5  - - 4.2  0.1  9.3  0.3 

l.l  - - 2.4  - 2.5 

10.9  3.0  1.9  1.2  7.5  .2  2.7  0.2 

0.5  - 1.0  0.8  1.3  - - 

0.9  - 

0 - 1.3  0.8  2.9  - 0 9.5 

210.0  7T77  675  6.0  193.5  2.2  150  4.2 


1.7 
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J.2  INDUSTRIAL  PROCESS  HEAT  SECTOR: 
DISTRIBUTION  OF  STATE  ENERGY  USE  BY  SMSA/NON-SMSA 
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Table  J-2.  Distribution  of  State  Energy  Use  by  SMSA/Non-SMSA 


TOTAL 

SMSA 

NON-SMSA 

TOTAL 

THERMAL 

THERMAL 

THERMAL 

THERMAL 

200°F 

200°F 

200°F 

REGION 

10^2  Btus 

10>2  Btus 

10^2  Btus 

10^2  Btus 

PACIFIC  NORTHWEST 


Washl ngton 

143.3 

6.4 

2.3 

4.1 

Oregon 

32.9 

6.5 

3.8 

2.7 

Idaho 

45.8 

8.5 

0.1 

8.4 

Subtotal 

222.0 

21.4 

6.2 

T577 

SALT  LAKE 

N.  California 

284.7 

18.0 

14.3 

3.7 

Colorado 

61.7 

2.6 

1.0 

1.6 

Utah 

48.4 

l.l 

0.4 

0.7 

Nevada 

14.4 

0.3 

0.2 

0.1 

Subtotal 

405.2 

22.0 

15.9 

6.1 

SOUTHWEST 

Arizona 

oc 

• 

in 

0.6 

0.5 

0.1 

N.  Mexico 

19.4 

0.5 

0.1 

0.4 

S.  Cali fornia 

331.2 

26.6 

20.0 

6.6 

Subtotal 

405.5 

2777 

7TTT6 

m 

RED  RIVER 

Texas 

1676.7 

43.4 

24.1 

19.3 

Kansas 

110.7 

4.1 

0.8 

3.3 

Oklahoma 

122.7 

1.9 

1.8 

.1 

Subtotal 

1910.1 

49.4 

2677 

22.7 

BLACK  HILLS 

Montana 

34.7 

3.6 

1.8 

1.8 

Wycmi ng 

21.9 

0 

0 

0 

N.  Dakota 

11.3 

0.5 

- 

0.5 

S.  Dakota 

4.7 

2.1 

1.0 

1.1 

Nebraska 

vO 

7.5 

0.7 

6.8 

Subtotal 

122.1 

lT77 

3.5 

1077 

GREAT  LAKES 

Minnesota 

120.2 

17.8 

5.1 

12.6 

Tov  a 

152.4 

24.2 

1.5 

22.7 

Wisconsin 

207.2 

35.5 

7.5 

28.0 

Illinois 

522.1 

54.3 

24.1 

30.2 

Michigan 

476.4 

30.2 

12.6 

17.6 

Indiana 

448.6 

15.3 

9.0 

6.3 

Ohio 

731.4 

31.7 

20.9 

10.8 

Subtotal 

2658.3 

209.0 

8iT8 

128.2 

Table  J-2.  (Cont'd) 


TOTAL 

SMSA 

NON- SMSA 

TOTAL 

THERMAL 

THERMAL 

THERMAL 

THERMAL 

200°F 

200°F 

200°F 

REGION 

1012  Btus 

1012  Btus 

I012  Btus 

I012  Btus 

TENNESSEE  VALLEY 


Missouri 

153.8 

8.5 

7.0 

1.5 

Arkansas 

154.5 

7.4 

1.7 

5.7 

Kentucky 

152.7 

5.3 

3.2 

2.1 

Tennessee 

230.6 

21.9 

7.1 

14.8 

W.  Virginia 

171.0 

0.8 

0.3 

0.5 

Virginia 

185.1 

27.1 

1.7 

25.4 

N.  Carolina 

216.7 

19.0 

7.0 

12.0 

Maryland 

107.9 

8.3 

5.7 

2.6 

Dele ware 

38.9 

3.6 

4.4* 

0.4 

Washington,  D.  C. 

0.2 

0.2 

0.2 

- 

Subtotal 

1411.4 

102.1 

38.3 

65.0 

GULF  COAST 

Louisiana 

789.3 

20.1 

1.6 

18.5 

Mississippi 

130.8 

3.1 

0.6 

2.5 

Alabama 

255.4 

22.3 

5.0 

17.3 

Georgia 

201.6 

13.5 

3.8 

9.7 

Florida 

159.6 

14.8 

9.3* 

5.5 

S.  Carolina 

174.1 

16.2 

2.5 

13.7 

Subtotal 

1710.8 

90.0 

22.8 

67.2 

ATLANTIC  NORTHEAST 

Pennsylvania 

751.4 

33.3 

26.9 

6.4 

N.  Jersey 

265.4 

15.5 

9.1 

6.4 

N.  York 

343.3 

20.9 

14.5 

6.4 

Connecticut 

67.5 

2.4 

1.2 

1.2 

Rhode  Island 

18.3 

0 

0 

0 

Massachusetts 

104.3 

9.8 

5.7 

4.1 

Vermont 

8.1 

0.6 

C 

0.6 

New  Hampshire 

21.4 

2.8 

0.3 

2.5 

Mai  ne 

74.5 

9.5 

0.5 

9.0 

Subtotal 

T65Z7T 

9ZT8 

5572 

-»6 . 6 

ALASKA 

8.5 

0 

0 

0 

HAWAII 

8.1 

0.6 

0.2 

0.4 

PUERTO  RICO 

0 

0 

0 

0 

CRAND  TOTAL 

10,520.1 

631.9 

273.7 

358.7 

J-8 


Table  J-3.  Energy  Use  In  Industrial  Process 


<■ 


TEMPEATURE 

% THERMAL 

REQUIREMENT 

200°F  TO 

SIC  CATEGORY 

200°F 

TOTAL  THERMAL 

SIC  20 

FOOD  PROCESSING 

201 

Meat  Products 

97 

2011 

Meat  Processing 
(scalding,  clean-up) 

140 

2016 

Poultry  Dressing 
(scalding) 

140 

202 

Dairy  Products 

75 

2022 

Natural  Cheese 
(whey  condensing) 

160-200 

2023 

Condensed  & Evaporated  Milk 
(evaporation) 

160 

2v#  j 

Fluid  Milk 
(pasteurization) 

162-170 

203 

Preserved  Fruits  & Vegetables 

57 

2032 

Canned  Specialties 
(1.  precook 

180-212 

2.  summer  blend 

170-212 

3.  S'  ’ce  heating) 

190 

2033 

Canned  rrults  & Vegetables 
(drying) 

165-185 

2037 

,zen  fruits  & Vegetables 
(1.  Citrus  juice  preparation 

190 

2.  Bland ing) 

180-200 

204 

Grain  Mill  Products 

34 

2046 

Wet  Corn  Milling 
(1.  starch  dryer 

120 

2.  steep  water  heater 

120 

3.  sugar  dryer) 

120 

205 

Bakery 

100 

11 

2051 

Proofing 

206 

Sugar 

13 

2062 

Crystalline  Sugar 

2063 

Beet  Sugar 
(Water  heating) 

140-185 

207 

Fats  & Oils 

14 

2075 

Soybean  Oil  Mills 
(Bean  drying) 

160 

J 


TEMPEATURE 

X THERMAL 

REQUIREMENT 

200°F  TO 

SIC  CATEGORY 

200°F 

TOTAL  THERMAL 

2079 

Shortening  & Cooking  Oil 
(1.  oil  heater 

120-180 

2.  wash  water) 

160-180 

208 

Beverages 

10 

2086 

Soft  Drinks 

(1.  bulk  container  washing 

170 

2.  returnable  bottle 

washing 

170 

3.  non-returnable  bottle 

wanning 

75-85 

4.  can  warming) 

75-85 

SIC  25 

FURNITURE  AND  FIXTURES 

251 

Household  Furniture 

100 

2511 

Wooden  Furniture 
(1.  kiln 

150 

2.  make-up) 

70 

2512  Upholstered  Furniture 

(1.  kiln 

150 

2.  mak'  -up) 

70 

SIC  26 

PAPER  6 ALLIED  PRODUCTS 

120 

16 

2611 

Pulp  Mills 

2621 

Paper  Mills 

2631 

Paperboard  Mills 
(pulp  refining) 

120 

SIC  28 

CHEMICALS  & ALLIED  PRODUCTS 

282 

Plastic  Materials,  Synthetics 

41 

2821 

Plastic  Materials 
(wash  water) 

190-200 

2822 

Synthetic  Rubber 

(1.  latex  crumb  dryer 

150-200 

2.  latex  crumb  recovery) 

120-140 

283 

Pharmaceutical  Preparation 

140 

7 

J-ll 


I 


. 
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Table  J-3.  (Concluded) 


200°F 

TEMPEATURF.  1 THERMAL 

REQUIREMENT  200°F  TO 
SIC  CATEGORY 
TOTAL  THERMAL 

284 

Soaps,  Cleaners,  Toilet  Goods 

75 

2841 

Soaps  & Detergents 
(l.  soap  manufacturing 
2.  detergeni  low-temperature 
process ) 

180 

180 

SIC  31 

LEATHER,  LEATHER  PRODUCTS 

3111 

Leather  Tanning  & Finishing 
(1.  bating 

2.  chrome  tanning 

3.  retan,  drying 

4 . d ry  1 ng 

90 

80-130 

120-140 

110 

100 

SIC  32 

STONE,  CLAY  & GLASS  PRODUCTS 

327 

Concrete,  Gypsum  & Plaster 

7 

2271 

2273 

Concrete  Block 
(low-pressure  curing) 
Ready  Mix  Concrete 
(hot  water) 

165 

120-190 

SIC  33 

PRIMARY  METALS  INDUSTRIES 

332 

Iron  & Steel  Foundaries 

26 

3321 

3322 

3323 

Ferrous  casting, 

Iron  foundaries 
Ferrous  casting, 
malleable  foundaries 
Ferrous  casting, 
steel  foundaries 
(pickling) 

110-212 

J-l  2 


K-2 


Table  K-l.  Agricultural  Ener 


Regions/States 


Gasol ine , 
103  gal 

Diesel , 
103  gal 

LP  Gas, 
103  gal 

Pacific  Northwest  Region 

79268 

95239 

8790 

Washington 

32108 

31223 

2962 

Ore gon 

20441 

23204 

1983 

Idaho 

26719 

40812 

3843 

Salt  Lake  Region 

101508 

117593 

11899 

Northern  California 

52450 

67982 

4039 

Northern  Nevada 

1817 

4222 

594 

Utah 

9098 

11517 

887 

Colorado 

34510 

33874 

6379 

Southwest  Region 

Southern  California 
Southern  Nevada 
Arizona 
New  Mexico 

83393 

52450 

1817 

14199 

14927 

105921 

67982 

4222 

15221 

18497 

22723 

4039 

594 

17626 

Black  Hills  Region 

361039 

415572 

186279 

Montana 

51122 

29345 

4355 

Wyoming 

10924 

10847 

1609 

North  Dakota 

113934 

79458 

4348 

South  Dakota 

684  38 

8084  3 

29221 

Nebraska 

116621 

215079 

146746 

L 


H'1'-  —W  -7 


y Consumption #Crops  Only  (Total) 


Energy  Use 

and  Fuel  Types 

Fuel  Oil, 

Natural  Gas, 

Coal , 

Electricity, 

Total , 

103  gal 

106  ft3 

ton 

106  kWh 

109  Btu 

15407 

1436 

7009 

79800 

7954 

316 

3790 

35183 

7453 

231 

1609 

18905 

889 

1610 

25712 

2409  7 

7774 

3281 

77613 

23406 

2085 

2314 

46651 

52 

193 

1797 

280 

341 

5711 

691 

5357 

436 

23459 

29369 

32108 

5015 

10882 

23406 

2085 

2314 

46651 

52 

193 

1797 

5963 

14675 

2098 

34310 

15296 

412 

26064 

18 

13479 

1855 

220118 

334 

231 

22629 

122 

218 

6170 

111 

123 

39031 

6 

150 

145 

31480 

12 

12762 

1138 

120808 

ORIGINAL  PAGE  IS 

OF  POOR  QUALITY 


Table  K- 


Regions/States 


Gasol ine , 
103  gal 

Diesel , 
103  gal 

LP  Gas 
103  ga 

Red  River  Region 

3t>3201 

349334 

118020 

Kansas 

129060 

112053 

42759 

Oklahoma 

64935 

61445 

18626 

Texas 

169206 

175856 

56b4l 

Great  Lakes  Region 

1151933 

459995 

4543*1 

Minnesota 

207264 

92490 

62215 

Iowa 

272385 

118138 

113339 

Wisconsin 

138379 

39418 

34663 

111 inois 

239000 

108496 

127283 

Michigan 

72480 

44871 

17550 

Indiana 

122946 

53979 

65806 

Ohio 

994  79 

42581 

31535 

Tennessee  Valley  Region 

346073 

292428 

232610 

Missouri 

110327 

50785 

33082 

Arkansas 

55528 

89571 

29842 

Kentucky 

39873 

26946 

13014 

Tennessee 

33065 

3138b 

5808 

West  Virginia 

6493 

2561 

1050 

Virginia 

23269 

23146 

22957 

North  Carolina 

49541 

52415 

122144 

Maryland 

19997 

10686 

4051 

Delaware 

7980 

4932 

662 

Table  K-l.  (Cont'd) 


Regions/States 

Energy  Use  and  Fuel  Types 

Gasoline , 
103  gal 

Diesel , 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil,  Natural  Gas,  Coal, 

103  gal  10**  ft3  ton 

Electricity, 
106  kWh 

Total , 
1C9  Btu 

Gulf  Coast  Region 

249031 

331053 

93132 

141129 

2705 

572 

188780 

Louisiana 

41163 

64230 

7817 

1909 

63 

28367 

Alabama 

24719 

31911 

4199 

426 

65 

23 

18*09 

Mississippi 

43449 

65190 

9465 

503 

105 

56 

3306 

Georgia 

48724 

55916 

31538 

9466 

520 

69 

353 

South  Carolina 

28326 

28170 

23220 

9241 

66 

53 

18776 

F lor ida 

67200 

8*636 

16893 

121493 

40 

308 

64821 

Atlantic  Northeast  Kegij.i 

142153 

72920 

20750 

6944 

435 

77 

58564 

Pennsylvania 

55852 

30212 

9982 

2223 

435 

33 

23602 

New  Jersey 

13473 

6647 

1116 

9 

4696 

New  York 

56830 

27929 

6656 

4159 

25 

22492 

Vert..,  nt 

4696 

1437 

792 

3 

2260 

New  Hampshire 

1042 

535 

151 

1 

551 

Massachusetts 

2641 

1753 

366 

562 

2 

1277 

Connect icut 

2119 

1303 

1316 

1 

1098 

Rhode  Island 

329 

150 

28 

156 

Maine 

5171 

2954 

343 

3 

2432 

Alaska  Region 

212 

2 

41 

59 

Hawaii  Region 

7055 

6473 

18 

698 

6214 

Puerto  Rico  Region 


National  Total 

2881276 

2286539 

1148657 

295112 

159500 

22060 

1789930 

OPICWAL  PACE  IS 
OF  POOR  QUALITY 


Table  K-2 . Agricultural  Energy  Consumption, Livestock  Only  (Total) 
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Regions/States 

Energy  Use 

and  Fuel  Types 

Gasol  me , 
103  gal 

Diesel, 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10&  ft3  ton 

E lec  tr ic ity , 
106  kWh 

Total , 
109  Btu 

Pacitic  Northwest  Region 

36562 

U50 

11780 

6 

24 

374 

7175 

Washington 

10892 

519 

4335 

2 

158 

2388 

Oregon 

10292 

466 

4419 

1 

89 

2086 

Idaho 

15378 

465 

2926 

3 

24 

127 

2701 

Salt  Lake  Region 

49926 

27418 

13111 

851 

899 

2093 

489 

14106 

Northern  California 

26235 

25111 

8432 

851 

777 

354 

8337 

Northern  Nevada 

2332 

43 

40 

8 

363 

Utah 

5733 

300 

2127 

42 

1984 

50 

1225 

Colorado 

15626 

11964 

2152 

80 

109 

77 

418 

Southwest  Region 

50469 

17276 

10186 

851 

779 

19 

512 

1237 

Southern  California 

26235 

25111 

8432 

851 

777 

354 

8331 

Southern  Nevada 

2332 

43 

40 

8 

363 

Arizona 

9982 

1309 

837 

1 

4 

100 

1852 

New  Mexico 

11920 

813 

516 

1 

15 

50 

1824 

Black  Hills  Region 

69631 

71577 

7678 

25 

2 

236 

343 

20635 

Montana 

7416 

74 

1506 

41 

29 

1182 

Wyoming 

6652 

3402 

149 

10 

9 

1353 

North  Dakota 

10154 

18946 

1445 

3 

45 

62 

4271 

Soutn  Dakota 

20584 

23547 

2105 

9 

140 

101 

6418 

Nebraska 

24825 

25608 

2473 

17 

2 

142 

7411 

K-6 


Table  K-2 


Reg  ions/ S t ace s 


Gasoline,  Diesel,  LP  Gas, 

103  gal  103  gal  103  gal 


Red  River  Region 

1531/05 

30596 

15772 

Kansas 

19922 

29210 

2293 

Oklahoma 

38998 

581 

2891 

Texas 

99985 

5805 

10688 

Great  Lakes  Region 

215232 

116068 

98690 

Minnesota 

36896 

16999 

27699 

Iowa 

55889 

96923 

28051 

Wisconsin 

39921 

5679 

11915 

111 inois 

29529 

21139 

11955 

Michigan 

12929 

3758 

9237 

Indiana 

20959 

13020 

8123 

Ohio 

19619 

9050 

7165 

Tennessee  Valley  Region 

119069 

55857 

93323 

Missouri 

29931 

29982 

13015 

Arkansas 

15779 

5097 

27558 

Kentucky 

19991 

7503 

2898 

Tennessee 

17379 

6931 

<*860 

West  Virginia 

26  36 

1720 

1767 

Virginia 

IC059 

9309 

6678 

North  Carolina 

16519 

9253 

20669 

Mary  land 

5911 

890 

9965 

Delaware 

2 369 

772 

6918 

(Cont ' d) 


Energy  Use  and  Fuel  Types 


Fuel  Oil, 
103  gal 

Natural  Gas, 
106  ft3 

Coal , 
ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

15 

1110 

766 

28809 

15 

2 

112 

b980 

270 

117 

5908 

838 

537 

16916 

589 

59 

2573 

9126 

66821 

71 

319 

760 

12239 

59 

299 

1032 

19083 

129 

996 

10272 

97 

9 

391 

981 

9936 

91 

270 

3972 

197 

58 

990 

286 

6297 

95 

1 

629 

291 

5922 

1925 

568 

15090 

1207 

90565 

72 

362 

9660 

37o 

168 

6205 

196 

2 

568 

6 

9997 

21 

6 

916 

139 

9029 

93 

7 

1923 

32 

909 

960 

35 

9898 

133 

3177 

396 

192 

7285 

222 

5767 

919 

107 

2117 

318 

318 

1209 

Table  K-2.  (Cont'd) 


Regions/States 


Energy  Use  and  Fuel  Types 


Gasoline , 

Diesel , 

LP  Gas, 

Fuel 

Oil, 

Natural  Gas, 

Coal , 

Electricity, 

Total , 

103  gal 

103  gal 

103  gal 

103 

gal 

106  ft3 

ton 

106  RWh 

109  Btu 

Gulf  Coast  Region 

71515 

27335 

64247 

18 

913 

7590 

790 

22725 

Louisiana 

6840 

3364 

2720 

342 

75 

2200 

Alabama 

13870 

5651 

19812 

138 

7276 

161 

5292 

Mississippi 

13230 

5686 

10327 

228 

123 

4090  i 

Georgia 

19949 

6708 

23340 

198 

247 

6701 

South  Carolina 

6021 

2062 

2943 

18 

7 

314 

64 

1557 

Florida 

11605 

3864 

5105 

120 

2885 

Atlantic  Northeast  Region 

49068 

4773 

17971 

4695 

284 

5100 

1226 

13775 

Pennsylvania 

18178 

2691 

8699 

339 

3780 

426 

5075 

New  Jersey 

1605 

246 

642 

58 

1 

41 

444 

New  York 

18122 

1073 

4938 

132 

283 

1320 

501 

4945 

Vermont 

3859 

99 

1530 

27 

84 

931 

New  Hampshire 

808 

56 

285 

90 

20 

216 

SI 

Massachusetts 

1579 

141 

619 

159 

33 

410 

Connect icut 

1930 

343 

688 

139 

42 

516 

Rnode  Island 

178 

19 

69 

15 

4 

46 

gz 

Maine 

2809 

105 

501 

3736 

75 

1192 

O J> 

30  P 

AJ  vj 

e 5 

Alaska  Region 

70 

40 

23 

4 

1 

21 

> o 

p rn 

Hawaii  Region 

1921 

20 

155 

40 

10 

297 

Puerto  Rico  Region 

National  Total  817365  352416  332885  8817  4625  32725  10028  224291 
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Table  K-3 


Agricultural  Energy  Consumption, Crop  Drying  (Total) 


Regions/States 

Energy  Use 

arid  Fuel  Types 

Gasoline , 
103  gal 

Diese l , 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity, 
106  kWh 

Total , 
10*  Btu 

Pacific  Northwest  Region 

1030 

13 

1126 

Washington 

316 

4 

343 

Oregon 

231 

3 

253 

Idaho 

483 

6 

528 

Salt  Lake  Region 

3264 

2409 

20 

2906 

Northern  California 

1205 

1502 

11 

1730 

Northern  Nevada 

52 

1 

57 

Utah 

189 

2 

206 

Colorado 

2059 

666 

6 

914 

Southwest  Region 

1304 

1938 

17 

22 

Southern  California 

1205 

1502 

11 

173 

Southern  Nevada 

52 

1 

57 

Arizona 

57 

251 

3 

279 

New  Mexico 

42 

133 

2 

149 

Black  Hills  Region 

39476 

18 

7182 

133 

13648 

Montana 

326 

4 

356 

Wyoming 
North  Dakota 

36 

111 

2 

125 

South  Dakota 

21561 

6 

150 

19 

2272 

Nebraska 

37879 

12 

6595 

108 

10895 

Red  River  Region 
Kansas 
Oklahoma 
Texas 


20863 

4819 

16603 

2462 

142 

322 

4118 

2035 

69 

**7 


7225 

8321 

3o5 

2389 


18 


K-9 


Regions/States 


Gasoline,  Diesel,  LP  Gas, 

103  gal  103  gal  103  gal 


Great  Lakes  Region 
Minnesota 
I owa 

Wisconsin 
1 1 1 inois 
Michigan 
1 ndiana 
Ohio 


343795 

4096b 

92192 

15286 

107693 

10788 

54638 

22832 


Tennessee  Valley  Region 
Mi ssour l 
Arkansas 
Kentucky 
Tennessee 
West  Virginia 
Virginia 
North  Carolina 
Maryland 
Delaware 


172884 

20899 

4326 

7b40 

1758 

4 

20208 

115847 

2202 


Energy  Use  and  Fuel  Types 


Fuel  Oil,  Natural  Gas, 
103  gal  106  ft3 


Coal, 

ton 


Electricity 
106  kWh 


lotai  , 
109  Btu 


3084 

3288 

144 

366 

127 

549 

46 

410 

75 

321 

33 

383 

21 

145 

2638 

1114 

325 

37654 

39 

4428 

82 

9634 

17 

1946 

92 

10894 

14 

1478 

46 

5504 

35 

3770 

54519 

182 

1345 

500 

6635 

45785 

72 


3907 

187 

450 

26 

2263 

19 

236 

6 

311 

6 

61 

16 

490 

111 

96 

3 

28799 

2574 

2851 

1184 

583 

2969 

18308 

330 


oi- 


Table  K-3.  (Cont’d) 


Regions/States 

Energy  Use 

and  Fuel  Types 

Casol ine , 
103  gal 

Diesel , 
103  gal 

LP  Gas,  Fuel  Oil, 

103  gal  103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

Gulf  Coast  Region 

57707 

18803 

2176 

86 

10693 

Louisiana 

3034 

1381 

12 

1779 

A 1 abama 

2126 

42b 

64 

4 

343 

Mississippi 

777 

503 

105 

4 

267 

Georgia 

25979 

8232 

520 

37 

4294 

South  Carolina 

20643 

7958 

66 

22 

3221 

Florida 

5148 

1684 

40 

7 

787 

Atlantic  Northeast  Region 

5148 

143 

435 

9 

995 

Pennsylvania 

4073 

143 

435 

9 

893 

New  Jersey 
New  York 
Vermont 
New  Hampshire 

Massachusetts  102 

Connecticut  1075 

Rhode  Island 
Maine 

Alaska  Region 
Hawaii  Region 
Puerto  Rico  Region 

National  Total  664440  76564  27132  858  105261 


Black  Hills  Region 
Montana 
Wyoming 
North  Dakota 
Sooth  Dakota 
Nebraska 


90708 

2104 

1617 

333 

2518 

84136 


106225 

281 

665 

65 

4083 

101131 


3498) 

1089 

1163 

138 

979 

31612 
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Table  K-4 


(Cont ' d) 


Regions/ States 

Energy  Use 

and  Fuel  Types 

Gasoline, 
103  gal 

Diesel , 
103  gal 

LP  Gas , 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity,  Total, 

10fc  kWh  109  Btu 

Red  River  Region 

11172 

17923 

67593 

89296 

1648 

109714 

Kansas 

1938 

8021 

17389 

19383 

133 

23825 

Oklahoma 

2228 

3921 

13387 

5940 

108 

8705 

Texas 

7006 

5981 

36817 

63973 

1407 

77184 

Great  Lakes  Region 

3629 

3907 

2054 

3 

142 

1685 

Minnesota 

403 

1382 

576 

31 

404 

Iowa 

508 

355 

79 

2 

129 

Wiscons in 

414 

992 

64 

410 

Illinois 

986 

289 

528 

2 

222 

Michigan 

242 

581 

38 

240 

Indiana 

695 

194 

752 

3 

2 

194 

Ohio 

361 

114 

119 

3 

86 

Tennessee  Valley  Region 

13774 

5044 

23715 

252 

115 

5340 

Missouri 

801 

465 

1442 

3 

6 

327 

Arkansas 

10868 

3630 

21735 

284 

84 

4480 

Kentucky 

332 

47 

48 

Tennessee 

202 

121 

49 

1 

1 

51 

West  Virginia 

53 

12 

9 

V irginia 

669 

141 

74 

1 

113 

North  Carolina 

122 

97 

21 

101 

Maryland 

269 

287 

224 

1 

98 

Delaware 

458 

244 

191 

1 

113 

-13 


Regions/States 


Gasoline,  Diesel,  LP  Gas, 

103  gal  103  gal  103  gal 


Gulf  Coast  Region 

12830 

31362 

14077 

Louisiana 

4227 

6757 

1321 

Alabama 

221 

176 

29 

Mississippi 

1213 

5818 

1516 

Georgia 

3251 

2298 

1418 

South  Carolina 

314 

Florida 

3918 

15999 

9793 

Atlantic  Northeast  Region 

5886 

1332 

464 

Pennsylvania 

317 

61 

6 

New  Jersey 

4163 

713 

372 

New  York 

706 

451 

Vermont 

21 

8 

New  Hampshire 

64 

24 

Massachusetts 

392 

78 

Connec  t icut 

102 

34 

4 

Rhode  Island 

31 

12 

Maine 

90 

29 

4 

Alaska  Region 

221 

176 

29 

Hawaii  Region 

723 

Puerto  Rico  Region 


National  Total 


70551 


177140 


236328 


(Cont ' d) 


Energy  Use  and  Fuel  Types 


Fuel  Oi.1,  Natural  Gas,  Coal,  Electricity,  Total, 
103  gal  106  ft3  ton  106  kWh  109  Btu 


529  228  8662 

528  31  2259 

1 1 59 

24  l 

3 /J 

15  96 

154  4184 


8 996 

50 

6 675 

1 156 

4 
12 

1 59 

18 
6 
16 


1 

59 

696 

2465 

132317 


19263 


260809 


Regions/States  

Gasoline,  Diesel, 
103  gal  103  gal 

Red  River  Region 
Kansas 
Oklahoma 
Texas 


Great  Lakes  Region 
Minnesota 

Iowa 

y,  Wisconsin 

■ Illinois 

t-  Michigan 

Indiana 
Ohio 


Tennessee  Valley  Region 
Missouri 
Arkansas 
Kentucky 
Tennessee 
West  Virginia 
Virginia 
Nortn  Carolina 
Maryland 
Delaware 


e K-5.  (Cont'dJ 


Energy  Use  and  Fuel  Types 


LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas, 
106  ft3 

Coal , 
ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

7127 

27 

769 

1745 

2 

175 

1406 

6 

153 

3976 

19 

441 

61273 

637 

7133 

8420 

153 

1321 

22936 

89 

2483 

8074 

249 

747 

10421 

46 

1145 

2937 

44 

429 

4078 

26 

478 

4407 

32 

530 

19210 

90 

2150 

8856 

23 

917 

971 

4 

108 

2145 

29 

302 

1349 

6 

244 

343 

4 

45 

1351 

12 

170 

1823 

.0 

206 

1227 

7 

142 

145 

l 

16 

si- 


Table  K-5 


Agricultural  Energy  Consumption,  Livestock  Shelter  Space  and  Water  Heating 


Regions/States 


Energy  Use  and  Fuel  Types 


7: 


Gasoline , 
103  gal 

Diesel, 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas, 
106  ft3 

Coal , 
ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

Pacific  Northwest  Region 

3840 

5 

37 

496 

Washington 

1405 

2 

15 

187 

Oregon 

952 

11 

128 

Idaho 

1483 

3 

11 

181 

Salt  Lake  Regie 

6440 

31 

704 

Northern  California 

4755 

19 

516 

Northern  Nevada 

93 

2 

14 

Utah 

688 

6 

84 

Colorado 

905 

5 

91 

Southwest  Region 

6060 

23 

223 

Southern  California 

4755 

19 

516 

Southern  Nevada 

93 

2 

14 

Arizona 

792 

1 

80 

New  Mexico 

420 

1 

43 

Black  Hills  Region 

3910 

42 

512 

Montana 

229 

6 

39 

Wyoming 

128 

13 

North  Dakota 

768 

15 

123 

South  Dakota 

994 

18 

156 

Nebraska 

1791 

3 

180 

-16 


Table  K-5 


(Cone ' d) 


Regions/ States 

Energy  Use 

and  Fuel  Types 

Ga  so l ine , 
103  gal 

Diesel, 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

101*  ft3  ton 

Electricity,  Total, 

106  kWh  109  Btu 

Gulf  Coast  Region 

8002 

37 

929 

Louis iana 

1317 

6 

147 

Alabama 

684 

5 

126 

Miss iss ippi 

1359 

7 

151 

Georgia 

1622 

9 

185 

South  Carolina 

657 

4 

75 

Florida 

2363 

o 

245 

Atlantic  Northeast  Region 

1 10206 

220 

1723 

Pennsylvania 

1 3171 

82 

579 

New  Jersey 

325 

4 

46 

New  York 

3863 

107 

733 

Vermont 

1507 

11 

181 

New  Hampshire 

207 

3 

28 

Massachusetts 

462 

3 

55 

Connect icut 

340 

4 

47 

Rhode  Island 

51 

6 

Maine 

280 

6 

48 

Alaska  Region 

23 

2 

Hawaii  Region 

155 

1 

17 

Puerto  Rico  Region 


National  Total 

1 

126690 

10 

1149 

14658 

Table  K-6.  Agricultural  Energy  Consumption,  Livestock  Brooding 


Regions/States 

Energy  Use  and  Fuel  Types 

Gasoline , 
103  gal 

Diesel, 
103  gai 

LP  Gas, 
10^  gal 

Fuel  Oil,  Natural  Gas,  Coal, 

10-*  gal  10^  £t^  ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

Pacific  Northwest  Region 

2875 

1 24 

274 

Washington 

1444 

137 

Oregon 

1324 

126 

I daho 

107 

1 24 

11 

Salt  Lake  Region 

38*0 

822 

785 

2093 

1343 

Northern  California 

1514 

822 

672 

964 

Northern  Nevada 

2 

Utah 

981 

37 

1984 

183 

Colorado 

1194 

76 

109 

196 

Southwest  Region 

1611 

822 

673 

19 

975 

Southern  California 

1514 

822 

672 

964 

Southern  Nevada 

2 

Arizona 

25 

4 

3 

New  Mexico 

70 

l 

15 

8 

Black  Hills  Region 

8545 

25 

2 

236 

254 

Montana 

180 

41 

18 

Wyoming 

19 

10 

2 

North  Dakota 

664 

3 

45 

65 

South  Dakota 

1056 

9 

140 

105 

Nebraska 

626 

13 

2 

64 

1 
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Table  K-6 


(Cont ' d) 


Regions/States 

Energy  Use 

and  Fuel  Types 

Gasoline , 
103  gal 

Oiese 1 , 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity , 
106  kWh 

Total , 
109  Btu 

Red  Rtver  Region 

8197 

15 

1014 

1846 

Kansas 

455 

15 

2 

47 

Oklahoma 

1378 

250 

394 

Texas 

63 64 

762 

1405 

Great  Lakes  Region 

36351 

539 

62 

2573 

3661 

Minnesota 

19069 

64 

314 

1829 

Iowa 

4966 

52 

249 

486 

Wisconsin 

3747 

119 

373 

Illinois 

932 

42 

3 

391 

108 

Michigan 

1192 

36 

118 

Indiana 

3858 

139 

58 

990 

472 

Ohio 

2587 

87 

1 

629 

275 

Tennessee  Valley  Region 

72107 

1690 

536 

15090 

8042 

Missouri 

4054 

68 

395 

Arkansas 

26006 

356 

2844 

Kentucky 

709 

6 

1 

568 

85 

Tennessee 

2420 

21 

6 

916 

263 

West  Virginia 

1399 

91 

7 

1423 

190 

Virginia 

4771 

449 

34 

4898 

079 

North  Carolina 

18373 

325 

132 

7285 

2119 

Maryland 

8156 

419 

833 

Delaware 

6219 

311 

634 

K-19 


Regions/States 

Gasoline , 

Diesel , 

LP  Gas, 

103  gal 

103  gal 

103  gal 

Gulf  Coast  Region 

53427 

Louisiana 

1330 

Alabama 

18206 

Mississippi 

8687 

Georgia 

20723 

South  Carolina 

2132 

F lor ida 

2349 

Atlantic  Northeast  Region 

7318 

Pennsylvania 

5362 

New  Jersey 

279 

New  York 

989 

Vermont 

17 

New  Hampshire 

66 

Massachusetts 

134 

Connect icut 

305 

Rhode  Island 

15 

Maine 

151 

Alaska  Region 

Hawaii  Region 

Puerto  Rico  Region 

L 


National  Total 


188120 


Energy  Use  and  Fuel  Types 


Fuel  Oil,  Natural  Gas,  Coal,  Electricity,  Total, 
103  gal  106  ft3  ton  106  kWh  109  Btu 


18 

826 

7590 

6143 

306 

448 

128 

7276 

2054 

208 

1044 

177 

2154 

18 

7 

314 

220 

223 

4187 

281 

5100 

1709 

207 

3780 

637 

17 

1 

30 

54 

280 

1320 

430 

20 

4 

75 

17 

135 

32 

95 

42 

12 

3 

3572 

514 
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Table  K-7.  Agricultural  Energy  Consumption,  Livestock  Waste  Disposal 


Regions/States 

Energy  Use 

and  Fuel  Types 

Gasoline, 
103  gal 

Diese 1 , 
103  gal 

LP  Gas. 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10<>  ft3  ton 

Electricity, 
106  kWh 

Total, 
109  Btu 

Pacific  Northwest  Region 

4265 

772 

253 

12 

704 

Washington 

1713 

294 

154 

7 

293 

Oregon 

976 

157 

83 

2 

158 

Idaho 

1576 

321 

16 

3 

253 

Salt  Lake  Region 

Northern  California 
Northern  Nevada 
Utah 

Colorado 

6355 

4765 

83 

731 

777 

1821 

1594 

6 

68 

153 

288 

208 

1 

26 

53 

29 

29 

112 

103 

5 

4 

2 

1 

1 

1205 

952 

11 

114 

128 

Southwest  Region 

6362 

1782 

255 

29 

103 

1 

1183 

Southern  California 

4765 

1594 

208 

29 

103 

1 

952 

Southern  Nevada 

83 

6 

1 

11 

Arizona 

924 

135 

20 

137 

New  Mexico 

590 

47 

26 

83 

Black  Hills  Region 

3780 

1161 

143 

5 

669 

Montana 

224 

13 

17 

33 

Wyoming 

134 

11 

2 

19 

North  Dakota 

828 

13 

13 

2 

113 

South  Dakota 

1162 

418 

55 

2 

217 

Nebraska 

1432 

706 

56 

1 

287 

• 4 


K-21 


Table  K-7.  (Cont'd) 


Regions/States 

Energy  Use 

and  Fuel  Types 

Gasoline , 
103  gal 

Diesel , 
103  gal 

LP  Gas, 
103  gal 

Fuel  Oil, 
103  gal 

Natural  Gas,  Coal, 

10^  ft3  ton 

Electricity, 
106  kWh 

Total , 
109  Btu 

Red  River  Region 

10668 

1799 

4 48 

95 

1730 

Kansas 

1355 

832 

43 

291 

Oklahoma 

2293 

81 

57 

19 

324 

Texas 

7020 

886 

348 

76 

1115 

Great  Lakes  Region 

27201 

25980 

1016 

45 

1 

47 

7306 

Minnesota 

5360 

4332 

205 

7 

6 

1318 

Iowa 

3042 

10721 

149 

7 

7 

1920 

Wisconsin 

8654 

1219 

94 

5 

12 

1303 

Illinois 

1885 

4606 

102 

5 

4 

906 

Michigan 

2910 

855 

108 

5 

9 

524 

Indiana 

2017 

2529 

187 

8 

1 

4 

638 

Ohio 

3333 

1718 

171 

8 

7 

697 

Tennessee  Valley  Region 

15767 

7928 

1537 

45 

32 

24 

3345 

Missouri 

2974 

2550 

105 

4 

3 

749 

Arkansas 

2412 

278 

581 

20 

1 

421 

Kentucky 

1938 

1592 

44 

5 

486 

Tennessee 

2063 

1048 

91 

3 

422 

West  Virginia 

399 

169 

25 

2 

1 

79 

Virginia 

1698 

866 

87 

11 

2 

5 

361 

North  Carolina 

2580 

1067 

468 

21 

10 

3 

540 

Maryland 

1345 

143 

82 

3 

205 

Delaware 

358 

215 

54 

7 

82 

L 
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Gulf  Coast  Region 

10559 

2592 

2368 

Louisiana 

1278 

98 

73 

Alabama 

1877 

607 

472 

Mississippi 

1745 

301 

281 

Ceorgia 

2714 

1069 

995 

South  Carolina 

752 

330 

154 

Florida 

2193 

187 

393 

Atlantic  Northeast  Region 
Pennsylvania 
New  Jersey 
New  York 
Vermont 
New  Hampshire 
Massachusetts 
Connecticut 
Rhode  Island 
Maine 


12811 

809 

447 

4330 

502 

166 

400 

45 

38 

4819 

121 

86 

1256 

9 

6 

255 

7 

12 

449 

25 

23 

500 

88 

43 

48 

3 

3 

754 

9 

70 

Alaska  Region  18 

Hawaii  Region  251  2 


Puerto  Rico  Region 


National  Total 


98036 


44645 


6754 


(Cont ' d) 


Energy  Use  and  Fuel  Types 


Fuel  Oil,  Natural  Ca3 , Coal,  Electricity,  Total, 
103  gal  106  ft3  ton  106  kWh  109  Btu 


89 

36 

10 

20 

22 

1 

7 

1 

2 

3 

1 

2025 

219 

379 

314 

ol6 

159 

338 

508 

3 

24 

1916 

132 

8 

675 

41 

1 

69 

78 

3 

12 

681 

7 

2 

168 

15 

37 

24 

1 

67 

44 

86 

3 

7 

164 

126 

APPENDIX  L 


SUMMARY  OF  COST  ESTIMATES  FOR  SOLAR  POND  POWER  PLANTS 
(EXTRACTED  FROM  THE  SALTON  SEA  FEASIBILITY  STUDY  REPORT  PREPARED  BY 

ORMAT  TURBINES,  LTD.,  1981) 


Table  L-l.  Salton  Naval  Base  Site  5-MW  Experimental  Solar  Pond  Power  Plant 

Summary  of  Cost  Estimates3 
(October  1980  price  level  in  US  $) 


Cost 

(1,000  $) 

ITEM 

1st  Demonstration 

2nd  Adjacent 

SPPP 

SPPP 

Solar  Pond  Subsystem 

Geotechnical  Survey 

220 

120 

Solar  Pond  Construction 

6,765b  - 7 

,500c 

6,765 

- 7,500 

Construction  of  Evaporation 

Ponds 

2 ,206”  - 5 ,206c 

- 

Brine  Ciruclation  System 

732 

600 

Cooling  System 

310 

400 

Water  Flushing  System 

140 

120 

Water  Treatment  Plant 

1 ,000- 

800 

Gradient  Control  Sytem 

630 

650 

Instrumentation  and  Controls 

72 

50 

Power  Station  Yard  Development 

128 

128 

Engineering  and  Design 

995  - 

1 ,294 

300 

450 

Management,  Supervision  A 

Administration 

500  - 

000 

300 

400 

Sub  Total 

13,938  - 18,072 

10,233  - 11,218 

Power  Generating  Subsystem 

Plant  Equipment 

4,650 

4 ,200 

Construction  Materials 
Construction  and 

1,550 

1,550 

Instal lat ion 

800 

630 

Engineering  and  Design 

700 

150 

Management,  Supervision  6 
Administration 

400 

150 

Sub 

Total 

8,100 

6,680 

TOTAL 

22,038  - 26,172 

16,913  - 17,898 

Cont ingenc les 

( 15X) 

3,306  - 3,926 

2,537  - 2,685 

GRAND 

TOTAL 

25,344  - 30,098 

19,450  - 20,383 

0 6 M Costs  - 3 Years  1,341  333 


•Source:  Salton  Sea  Feasibility  Study,  Ormat  Turbines,  Ltd.,  1981. 

^Borrow  material  within  Sea. 
c Bor  row  material  available  on  shore. 


Table  L-2.  Bristol  Dry  Lake  Site  5-MW  Experimental  Solar  Pond  Power  Plant 

Summary  of  Cost  Estimates3 

(October  1980  price  level  in  US  ?)  ORIGINAL  PAGE  IS 

Of  POOR  QUALTTt 

Cost  (1,000  $) 


ITEM 

1st  Demonstration 

2nd  Adjacent 

SPPP 

SPPP 

Solar  Pond  Subsystem 

Geotechnical  Survey 

96 

96 

Solar  Pond  Constr.:  tion 

2,409b  - 10  ,082c 

2,409  - 10,082 

Braine  Make-up  Pond 

472 

380 

Brine  Ciruclation  System 

752 

600 

Pond  Surface  Flushing  6 

Cuul  iiig  System 

1,420 

1,140 

Water  Make  up  System 

365 

290 

Water  Treatment  Plant 

750 

600 

Provision  for  Brine  & 

Water  Production  & 

Aquisition 

1 ,000 

500 

Gradient  Control  Sytem 

650 

650 

Instrumentation  and  Controls 

72 

50 

Power  Station  Yard  Development 

47 

47 

Engineering  and  Design 

643b  - 80UC 

250  - 350 

Management,  Supervision  & 

Administrat ion 

400b  - 800c 

300  - 700 

Sub  Total 

9,076  - 17,878 

7,312  - 15,485 

Power  Generating  Subsystem 

Plant  Equipment 

4,650 

4,200 

Construction  Materials 

1,550 

1,550 

Construction  and 

Instal lat ion 

800 

630 

Engineering  and  Design 

700 

150 

Management,  Supervision  & 

Administration 

400 

150 

Sub  Total 

8,100 

6,680 

TOTAL 

17,176  - 25,978 

13,992  - 22,765 

Contingencies  (152) 

2,576  - 3,897 

2,099  - 3,325 

GKAND  TOTAL 

19,752  - 29,875 

16,091  - 25,490 

0 & M Costs  - 3 Years 

1,376 

188 

aSource;  Salton  Sea  Feasibility  Study,  Ormat  Turbines,  Ltd.,  1981. 
^Option  #1:  Unlined  Pond. 

cOption  #2:  Lined  Pond. 
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* 


Table  L-3  . Preliminary  ConI  Estimate  tor  oOO-NW  Solar  Poiul 
Power  Plant  .it  Sal  ton  Sea* 


Coat  (1,000,000 

Item  (October  1080  Price 

$) 

Love  1 ) 

Solar  Pon»i  Subsystem 

Geotechnical  Survey 

1 

Dredging 

100 

Dike  Construction  (including  solar  ponds, 
evaporation  ponds  and  brine  make-up  ponds) 

199. Ab 

Brine  Circulation  System 

28.8 

Pond  Surface  Flushing  and  Cooling 

68.4 

Water  Treatment  Plant 

36 

Gradient  Control  System 

70.2 

Instrumental  and  Control 

1.2 

Power  Station  Yard  Development 

2. A 

Engineering  and  Design 

30. A 

Management,  Supervision  and  Administration 

20.2 

Sub  Total 

SS8 

Power  Generating  Subsystem 

Plant  Equipment 

311 

Con s t r uc  t i on  Ma  t e r i a 1 

IAS 

Con s t r uc  t i on  and  Inst  a 1 1 a t i on 

60 

Engineering  and  Design 

17 

Management,  Supervision  and  Administration 

7 

Sub  Total 

SA0 

TOTAl. 

$1,098 

“Source:  Salton  Sea  Feasibility  Study,  Ormat  Turbines, 

l.td.,  1981. 

^Includes  the  cost  of  impoundment  dike  construction  for 

this  SO  square 

mi  le 

region,  $108. A million. 

i 
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